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(54) Title: METHODS FOR DELIVERING A GENE PRODUCT TO THE EYE 

(57) Abstract: The invention is directed to a method of delivering a gene product to an eye. The method comprises (a) inducing a 
1^ stress response in the eye, and (b) subsequently administering to the eye an expression vector comprising a nucleic acid sequence 
<— s encoding a gene product. The expression vector transduces a host cell and the nucleic acid sequence is expressed to produce the gene 
<^> product. The invention further is directed to a method of prophylactically or therapeutically treating an animal for an ocular-related 
disorder. The method comprises (a) inducing a stress response in an eye, and (b) subsequently administering to the eye an expression 
vector comprising a nucleic acid sequence encoding an inhibitor of angiogenesis and/or a neurotrophic agent such that the expression 
vector transduces a host cell and the nucleic acid sequence is expressed to produce the inhibitor of angiogenesis and/or neurotrophic 
agent to treat prophylactically or therapeutically the ocular- related disorder. 
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DESCRIPTION 

METHODS FOR DELIVERING A GENE PRODUCT TO THE EYE 

TECHNICAL FIELD 
The invention relates to a method of delivering a gene product to the eye. 

BACKGROUND ART 

An overwhelming majority of the world's population will experience some degree of 
vision loss in their lifetime. Vision loss affects virtually all people regardless of age, race, 
economic or social status, or geographical location. Ocular-related disorders, while often not 
life threatening, necessitate life- style changes that jeopardize the independence of the 
afflicted individual. Vision impairment can result from most all ocular disorders, including 
diabetic retinopathies, proliferative retinopathies, retinal detachment, toxic retinopathies, 
retinal vascular diseases, retinal degenerations, vascular anomalies, age-related macular 
degeneration and other acquired disorders, infectious diseases, inflammatory diseases, ocular 
ischemia, pregnancy-related disorders, retinal tumors, choroidal tumors, choroidal disorders, 
vitreous disorders, trauma, cataract complications, dry eye, and inflammatory optic 
neuropathies. , , . , 

Leading causes of severe vision loss and blindness are ocular-related disorders 
wherein the vasculature of the eye is damaged or insufficiently regulated. Ocular-related 
diseases comprising a neovascularization aspect are many and include, for example, 
exudative age-related macular degeneration, diabetic retinopathy, corneal neovascularization, 
choroidal neovascularization, neovasculax glaucoma, cyclitis, Hippel-Lindau Disease, 
retinopathy of prematurity, pterygium, histoplasmosis, iris neovascularization, macular 
edema, glaucoma-associated neovascularization, drug-related toxicities, central and branched 
retinal vein occlusions, and the like. Damage of the retina, i.e., retinal detachment, retinal 
tears, or retinal degeneration, is directly connected to vision loss. While a common cause of 
retinal detachment, retinal tears, and retinal degeneration is abnormal, i.e., uncontrolled, 
vascularization of various ocular tissues, this is not always the case. Atrophic complications 
associated with age-related macular degeneration, nonproliferative diabetic retinopathy, and 
inflammatory ocular damage are not associated with neovascularization, but can result in 
severe vision loss if not treated. Disorders associated with both neovascular and atrophic 
components, such as age-related macular degeneration and diabetic retinopathy, are 
particularly difficult to treat due to the emergence of a wide variety of complications. 

For many ocular-related disorders, no efficient therapeutic options currently are 
available. Laser photocoagulation involves administering laser burns to various areas of the 
eye and is used in the treatment of many neovascularization-linked disorders. For example, 
focal macular photocoagulation is used to treat areas of vascular leakage outside the macula 
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(Murphy, ^wer. Family Physician, 57(4), 785-796 (1995)). Similarly, neovascularization, in 
particular, advanced proliferative retinopathy, is commonly treated with scatter or panretinal 
photocoagulation. Laser treatment does not guarantee that vision loss will be attenuated. In 
fact, many patients afflicted with age-related macular degeneration eventually experience 
severe vision loss in spite of treatment. Other treatment options for ocular-related disorders 
include thermotherapy, radiation therapy, surgery, e.g., macular translocation, removal of 
excess ocular tissue, drug therapy, and the like. However, in most cases, all available 
treatment options have limited therapeutic effect, require repeated, costly procedures, and/or 
are associated with dangerous side-effects. 

Given the prevalence of ocular-related disorders, there remains a need for an effective 
prophylactic and therapeutic treatment of ocular-related disorders. Accordingly, the 
invention provides materials and methods for delivering a gene product, such as a therapeutic 
gene product, to the eye. This and other advantages of the invention will become apparent 
from the detailed description provided herein. 

DISCLOSURE OF INVENTION 
The invention is directed to a method of delivering a gene product to an eye. The 
method comprises (a) inducing a stress response in the eye, and (b) subsequently 
administering to the eye an expression vector comprising a nucleic acid sequence encoding a 
gene product, wherein the expression vector transduces a host cell and the nucleic acid 
sequence is expressed to produce the gene product. The invention further provides a method 
of prophylactically or therapeutically treating an animal for an ocular-related disorder. The 
method comprises (a) inducing a stress response in an eye, and (b) subsequently 
administering to the eye an expression vector comprising a nucleic acid sequence encoding an 
inhibitor of angiogenesis and/or a neurotrophic agent such that the expression vector 
transduces* a host cell and the nucleic acid sequence is expressed to produce the inhibitor of 
angiogenesis and/or neurotrophic agent to treat prophylactically or therapeutically the 
ocular-related disorder. Preferably, inducing a stress response in the eye comprises applying 
photodynamic therapy or photocoagulation therapy to the eye. Also preferably, the 
expression vector is an adenoviral vector. 

BEST MODE FOR CARRYING OUT THE INVENTION 
The invention is directed to a method of delivering a gene product, such as a 
therapeutic gene product, to the eye. The method comprises (a) inducing a stress response in 
the eye, and (b) subsequently administering to the eye an expression vector comprising a 
nucleic acid sequence encoding a gene product, wherein the expression vector transduces a 
host cell and the nucleic acid sequence is expressed to produce the gene product. Any gene 
product can be delivered to the eye in accordance with the inventive method, including 
therapeutic gene products, diagnostic gene products, gene products used for research 
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purposes (e.g., marker proteins or antigenic proteins), and the like. However, the gene 
product delivered to the eye preferably is a therapeutic gene product for the prophylactic or 
therapeutic treatment of an animal, preferably a human, for at least one ocular-related 
disorder. Ocular-related disorders appropriate for treatment using the inventive method 
include, but are not limited to, diabetic retinopathies, proliferative retinopathies, retinopathy 
of prematurity, retinal vascular diseases, vascular anomalies, age-related macular 
degeneration and other acquired disorders, endophthalmitis, infectious diseases, 
inflammatory diseases, AIDS-related disorders, ocular ischemia syndrome, 
pregnancy-related disorders, peripheral retinal degenerations, retinal degenerations, toxic 
retinopathies, cataracts, retinal tumors, corneal neovascularization, choroidal tumors, 
choroidal disorders, choroidal neovascularization, neovascular glaucoma, vitreous disorders, 
retinal detachment and proliferative vitreoretinopathy, cyclitis, non-penetrating trauma, 
penetrating trauma, post-cataract complications, Hippel-Lindau Disease, dry eye, 
inflammatory optic neuropathies, glaucoma, macular edema, pterygium, iris 
neovascularization, uveitis, pathologic myopia, surgical-induced disorders, and the like. 

The invention further provides a method of prophylactically or therapeutically 
treating an animal for at least one ocular-related disorder, such as ocular neovascularization. 
The method comprises (a) inducing a stress response in an eye, and (b) subsequently 
administering to the eye an expression vector comprising a nucleic acid sequence encoding an 
inhibitor of angiogenesis and/or a neurotrophic agent such that the expression vector 
transduces a host cell and the nucleic acid sequence is expressed to produce the inhibitor of 
angiogenesis and/or neurotrophic agent to treat prophylactically or therapeutically the 
ocular-related disorder. Preferably, the expression vector comprises a nucleic acid sequence 
encoding an inhibitor of angiogenesis and the same or different nucleic acid sequence 
encoding a neurotrophic agent. Desirably, the nucleic acid sequence encodes pigment 
epithelium-derived factor (PEDF). 

The ocular disorder preferably is ocular neovascularization, such as 
neovascularization of the choroid. The choroid is a thin, vascular membrane located under 
the retina. Abnormal neovascularization of the choroid results from, for example, 
photocoagulation, anterior ischemic optic neuropathy, Best's disease, choroidal hemangioma, 
metallic intraocular foreign body, choroidal nonperfusion, choroidal osteomas, choroidal 
rupture, bacterial endocarditis, choroideremia, chronic retinal detachment, drusen, deposit of 
metabolic waste material, endogenous Candida endophthalmitis, neovascularization at ora 
serrata, operating microscope burn, punctate inner choroidopathy, radiation retinopathy, 
retinal cryoinjury, retinitis pigmentosa, retinochoroidal coloboma, rubella, subretinal fluid 
drainage, tilted disc syndrome, Toxoplasma retinochoroiditis, tuberculosis, and the like. 

Neovascularization of the cornea also is appropriate for treatment by the method of 
the invention. The cornea is a projecting, transparent section of the fibrous tunic, the outer 
most layer of the eye. The outermost layer of the cornea contacts the conjunctiva, while the 



innermost layer comprises the endothelium of the anterior chamber. Corneal 
neovascularization stems from, for example, ocular injury, surgery, infection, improper 
wearing of contact lenses, and diseases such as, for example, corneal dystrophies. 

Alternatively, the ocular neovascularization is neovascularization of the retina. 
Retinal neovascularization is an indication associated with numerous ocular diseases and 
disorders, many of which are named above. Preferably, the neovascularization of the retina 
treated in accordance with the inventive method is associated with diabetic retinopathy. 
Common causes of retinal neovascularization include ischemia, viral infection, and retinal 
damage. Neovascularization of the retina can lead to macular edema, subretinal discoloration, 
scarring, hemorrhaging, and the like. Complications associated with retina 
neovascularization stem from growth, breakage, and leakage of newly formed blood vessels. 
Vision is impaired as blood fills the vitreous cavity and is not efficiently removed. Not only 
is the passage of light impeded, but an inflammatory response to the excess blood and 
metabolites can cause further damage to ocular tissue. In addition, the new vessels form 
fibrous scar tissue, which, over time, will disturb the retina causing retinal tears and 
detachment. 

The ocular disorder can be age-related macular degeneration, which can involve both 
exudative (neovascular) and atrophic complications. Exudative complications include, for 
example, disciform scars (i.e., scarring involving fibrous elements) and neovascularization. 
Atrophic complications include, for instance, the formation of drusen and basal laminar 
deposits, irregularity of retinal pigmentation, and accumulation of lipofuscin granules. The 
ocular disorder also can be ocular edema (e.g., retinal edema or macular edema). 

By "prophylactic" is meant the protection, in whole or in part, against ocular-related 
disorders, in particular ocular neovascularization or age-related macular degeneration. By 
"therapeutic" is meant the amelioration of the ocular-related disorder, itself, and the 
protection, in whole or in part, against further ocular-related disease, in particular ocular 
neovascularization or age-related macular degeneration. One of ordinary skill in the art will 
appreciate that any degree of protection from, or amelioration of, an ocular-related disorder is 
beneficial to a patient. 

The inventive method can be used to treat both acute and persistent, progressive 
ocular-related disorders. For acute ailments, the expression vector can be administered using 
a single or multiple applications within a short time period. For persistent ocular-related 
diseases, such as age-related macular degeneration and diabetic retinopathy, numerous 
applications of the expression vector may be necessary to realize a therapeutic effect. 

The inventive method comprises inducing a stress response in the eye prior to 
administering an expression vector. It has surprisingly been determined that treating an eye 
with, for example, photocoagulation or photodynamic therapy increases in ocular cells the 
expression of cell surface molecules which facilitate transduction by expression vectors and 
cell adhesion. In particular, the cell surface molecules most recognized as mediating 
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adenoviral infection, coxsackievirus and adenovirus receptor (CAR) and integrins (e.g., 
integrins p3 and P5), are upregulated in the retina and choroid following, for example, . 
photocoagulation therapy. Upregulation of CAR and integrins allows transduction of a 
greater number of host cells with an adenoviral vector encoding a gene product as compared 
to adenoviral transduction efficiency without induction of the stress response (e.g., laser 
therapy). Accordingly, the level of transduction of host cells by the expression vector is 
enhanced as compared to the level of transduction of host cells by the expression vector in the 
absence of inducing a stress response in the eye. In some instances, the invention allows 
delivery of a smaller dose of expression vector than previously thought possible to achieve a 
desired biological response. 

In addition to increasing transduction of host cells by the expression vector, inducing 
a stress response in the eye prior to administering the expression vector enhances and 
prolongs expression of the nucleic acid sequence of the expression vector compared to 
expression of the nucleic acid sequence in the absence of the stress response. Ideally, 
expression of the nucleic acid sequence in the context of the inventive method is enhanced 
compared to expression of the nucleic acid sequence in the absence of inducing the stress 
response in the eye (but under otherwise similar conditions) for at least one day (preferably at 
least 3 days (e.g., 1, 2, or 3 days) or at least five days) following administration of the 
expression vector. More preferably, expression of the nucleic, acid sequence is enhanced for 
at least 7 days (e.g., at least 14 days or at least 21 days) post-administration of the expression 
vector as compared to expression of the nucleic acid sequence in the absence of the stress 
response (e.g., in the absence of photocoagulation therapy) at the same timepoint. Even more 
preferably, expression of the nucleic acid sequence is enhanced as compared to expression of 
the nucleic acid sequence in the absence of inducing a stress response for at least 28 days (e.g., 
at least 60 days or at least 90 days) post-administration of the expression vector to the eye. 

By "enhanced" expression is meant any increase in transcription compared to 
transcription (i.e., gene or nucleic acid sequence expression) which occurs in the absence of 
inducing the stress response. Any increase in expression of the nucleic acid sequence is 
appropriate in the context of the invention. For example, enhanced expression of the nucleic 
acid sequence can be a 2-, 3-, 5-, 1 0-, 20-, or 50-fold increase in expression as compared to the 
level of gene expression which occurs under similar conditions but in the absence of inducing 
the stress response in the eye. The enhanced expression (transcription) can result in increased 
levels of RNA transcript, increased protein production, and/or an enhancement in detectable 
gene product activity, all of which can be detected using routine laboratory techniques. 

A stress response can be induced in the eye by exposure to heat using, for example, 
lasers in photodynamic therapy, exposure to cold, exposure to light, exposure to radiation 
(e.g., X-rays), exposure to microwaves, exposure to ultrasound, or physical trauma, all of 
which can alter the ocular cellular environment to enhance transcription. Desirably, inducing 
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a stress response in the eye comprises applying photodynamic therapy or photocoagulation 
therapy to the eye. 

One of ordinary skill in the art will appreciate that any of a number of expression 
vectors known in the art are suitable for use in the inventive method. Examples of suitable 
expression vectors include, for instance, plasmids, plasmid-liposome complexes, and viral 
vectors, e.g., parvoviral-based vectors (i.e., adeno-associated virus (AAV)-based vectors), 
retroviral vectors, herpes simplex virus (HSV)-based vectors, AAV-adenoviral chimeric 
vectors, and adenovirus-based vectors. Any of these expression vectors can be prepared 
using standard recombinant DNA techniques described in, e.g., Sambrook et al., Molecular 
Cloning, a Laboratory Manual, 2d edition, Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y. (1989), and Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing 
Associates and John Wiley & Sons, New York, N.Y. (1994). 

Plasmids, genetically engineered circular double-stranded DNA molecules, can be 
designed to contain an expression cassette for delivery of the nucleic acid sequence encoding 
the gene product to a host cell, such as an ocular cell. Although plasmids were the first vector 
described for administration of therapeutic nucleic acids, the level of transfection efficiency 
is poor compared with other techniques. By complexing the plasmid with liposomes, the 
efficiency of gene transfer in general is improved. While the liposomes used for 
plasmid-mediated gene transfer strategies have various .compositions, they are typically 
synthetic cationic lipids. Advantages of plasmid-liposome complexes include their ability to 
transfer large pieces of DNA encoding a therapeutic nucleic acid and their relatively low 
immunogenicity. 

Plasmids are often used for short-term expression. However, a plasmid construct can 
be modified to obtain prolonged expression. It has recently been discovered that the inverted 
terminal repeats (TTR) of parvovirus, in particular adeno-associated virus (AAV), are 
responsible for the high-level persistent nucleic acid expression often associated with AAV 
(see, for example, U.S. Patent 6,165,754). Accordingly, the expression vector can be a 
plasmid comprising native parvovirus ITRs to obtain prolonged and substantial expression of 
a nucleic acid sequence encoding a gene product, e.g., at least one inhibitor of angiogenesis 
and/or at least one neurotrophic factor. While plasmids are suitable for use in the inventive 
method, preferably the expression vector is a viral vector. 

AAV vectors are viral vectors of particular interest for use in gene therapy protocols. 
AAV is a DNA virus, which is not known to cause human disease. AAV requires 
co-infection with a helper virus (i.e., an adenovirus or a herpes virus), or expression of helper 
genes, for efficient replication. AAV vectors used for administration of a therapeutic nucleic 
acid have approximately 96% of the parental genome deleted, such that only the terminal 
repeats (ITRs), which contain recognition signals for DNA replication and packaging, remain. 
This eliminates immunologic or toxic side effects due to expression of viral genes. In 
addition, delivering the AAV rep protein enables integration of the AAV vector comprising 
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AAV ITRs into a specific region of genome, if desired. Host cells comprising an integrated 
AAV genome show no change in cell growth or morphology (see, for example, U.S. Patent 
4,797,368). 

Retrovirus is an RNA virus capable of infecting a wide variety of host cells. Upon 
infection, the retroviral genome integrates into the genome of its host cell and is replicated 
along with host cell DNA, thereby constantly producing viral RNA and any nucleic acid 
sequence incorporated into the retroviral genome. When employing pathogenic retroviruses, 
e.g., human immunodeficiency virus (HIV) or human T-cell lymphotrophic viruses (HTLV), 
care must be taken in altering the viral genome to eliminate toxicity. A retroviral vector can 
additionally be manipulated to render the virus replication-incompetent. As such, retroviral 
vectors are thought to be particularly useful for stable gene transfer in vivo. Lentiviral vectors, 
such as HI V-based vectors, are exemplary of retroviral vectors used for gene delivery. Unlike 
other retroviruses, HTV-based vectors are known to incorporate their passenger genes into 
non-dividing cells and, therefore, can be of use in treating atrophic forms of ocular-related 
disease. 

HSV-based viral vectors are suitable for use as an expression vector to introduce 
nucleic acids into host cells (e.g., ocular cells). The mature HSV virion consists of an 
enveloped icosahedral capsid with a viral genome consisting of a linear double-stranded 
DNA molecule that is 1 52 kb. Most replication-deficient HSV vectors contain a deletion to 
remove one or more intermediate-early genes to prevent replication. Advantages of the 
herpes vector are its ability to enter a latent stage that can result in long-term DNA expression, 
and its large viral DNA genome that can accommodate exogenous DNA up to 25 kb. Of 
course, this ability is also a disadvantage in terms of short-term treatment regimens. For a 
description of HSV-based vectors appropriate for use in the inventive method, see, for 
example, U.S. Patents 5,837,532; 5,846,782; 5,849,572; and 5,804,413; and International 
Patent Applications WO 91/02788, WO 96/04394, WO 98/15637, and WO 99/06583. 

Adenovirus (Ad) is a 36 kb double-stranded DNA virus that efficiently transfers DNA 
in vivo to a variety of different target cell types. For use in the inventive method, the virus is 
preferably made replication deficient by deleting select genes required for viral replication. 
The expendable E3 region is also frequently deleted to allow additional room for a larger 
DNA insert. The vector can be produced in high titers and can efficiently transfer DNA to 
replicating and non-replicating cells. The newly transferred genetic information remains 
epi-chromosomal, thus eliminating the risks of random insertional mutagenesis and 
permanent alteration of the genotype of the target cell. However, if desired, the integrative 
properties of AAV can be conferred to adenovirus by constructing an AAV- Ad chimeric 
vector. For example, the AAV ITRs and nucleic acid encoding the Rep protein incorporated 
into an adenoviral vector enables the adenoviral vector to integrate into a mammalian cell 
genome. Therefore, AAV- Ad chimeric vectors are an interesting option for use in the 
invention. 
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Preferably, the expression vector of the inventive method is a viral vector; more 
preferably, the expression vector is an adenoviral vector, e.g., a human adenoviral vector. In 
the context of the invention, the adenoviral vector can be derived from any serotype of 
adenovirus. Adenoviral stocks that can be employed as a source of adenovirus can be 
amplified from the adenoviral serotypes 1 through 51, which are currently available from the 
American Type Culture Collection (ATCC, Manassas, VA), or from any other serotype of 
adenovirus available from any other source. For instance, an adenovirus can be of subgroup 
A (e.g., serotypes 12, 18, and 31), subgroup B (e.g., serotypes 3, 7, 1 1, 14, 16, 21, 34, and 35), 
subgroup C (e.g., serotypes 1, 2, 5, and 6), subgroup D (e.g., serotypes 8, 9, 10, 13, 15, 17, 19, 
20, 22-30, 32, 33, 36-39, and 42-47), subgroup E (serotype 4), subgroup F (serotypes 40 and 
41), or any other adenoviral serotype. Preferably, however, an adenovirus is of serotype 2, 5, 
or 9. However, non-group C adenoviruses can be used to prepare replication-deficient 
adenoviral gene transfer vectors for delivery of gene products to host cells, such as ocular 
cells. Preferred adenoviruses used in the construction of non-group C adenoviral gene 
transfer vectors include Adl2 (group A), Ad7 and Ad35 (group B), Ad30 and Ad36 (group D), 
Ad4 (group E), and Ad41 (group F). Non-group C adenoviral vectors, methods of producing 
non-group C adenoviral vectors, and methods of using non-group C adenoviral vectors are 
disclosed in, for example, U.S. Patents 5,801,030; 5,837,51 1; and 5,849,561 and International 
Patent Applications WO 97/12986 and WO 98/53087. 

The adenoviral vector is preferably deficient in at least one gene function required for 
viral replication, thereby resulting in a "replication-deficient" adenoviral vector. By 
"replication-deficient" is meant that the adenoviral vector comprises an adenoviral genome 
that lacks at least one replication-essential gene function (i.e., such that the adenoviral vector 
does not replicate in typical host cells, especially those in the human patient that could be 
infected by the adenoviral vector in the course of treatment in accordance with the invention). 
A deficiency in a gene, gene function, or gene or genomic region, as used herein, is defined as 
a deletion of sufficient genetic material of the viral genome to impair or obliterate the 
function of the gene whose nucleic acid sequence was deleted in whole or in part. Deletion of 
an entire gene region often is not required for disruption of a replication-essential gene 
function. However, for the purpose of providing sufficient space in the adenoviral genome 
for one or more transgenes, removal of a majority of a gene region may be desirable. 
Replication-essential gene functions are those gene functions that are required for replication 
(e.g., propagation) and are encoded by, for example, the adenoviral early regions (e.g., the El, 
E2, and E4 regions), late regions (e.g., the L1-L5 regions), genes involved in viral packaging 
(e.g., the IVa2 gene), and virus-associated RNAs (e.g., VA-RNA-1 and/or VA-RNA-2). 
More preferably, the replication-deficient adenoviral vector comprises an adenoviral genome 
deficient in at least one replication-essential gene function of one or more regions of the 
adenoviral genome. In this respect, the adenoviral vector is deficient in at least one essential 
gene function of the El region of the adenoviral genome required for viral replication. In 
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addition to a deficiency in the El region, the recombinant adenovirus can also have a 
mutation in the major late promoter (MLP). The mutation in the MLP can be in any of the 
MLP control elements such that it alters the responsiveness of the promoter, as discussed in 
International Patent Application WO 00/00628. More preferably, the vector is deficient in at 
least one essential gene function of the El region and at least pait of the E3 region (e.g., an 
Xba I deletion of the E3 region). With respect to the El region, the adenoviral vector can be 
deficient in at least part of the E 1 a region and at least part of the El b region. For example, the 
adenoviral vector can comprise a deletion of the entire El region and part of the E3 region of 
the adenoviral genome (i.e., nucleotides 355 to 3,5 1 1 and 28,593 to 30,470). A 
singly-deficient adenoviral vector can be deleted of approximately nucleotides 356 to 3,329 
and 28,594 to 30,469 (based on the adenovirus serotype 5 genome). Alternatively, the 
adenoviral vector genome can be deleted of approximately nucleotides 356 to 3,510 and 
28,593 to 30,470 (based on the adenovirus serotype 5 genome). The endpoints defining the 
deleted nucleotide portions can be difficult to precisely determine and typically will not 
significantly affect the nature of the adenoviral vector, i.e., each of the aforementioned 
nucleotide numbers can be +/- 1, 2, 3, 4, 5, or even 10 or 20 nucleotides. 

Preferably, the adenoviral vector is "multiply deficient," meaning that the adenoviral 
vector is deficient in one or more essential gene functions required for viral replication in 
each of two or more regions. For example, the aforementioned El -deficient or E1-, 
E3 -deficient adenoviral vectors can be further deficient in at least one essential gene function 
of the E4 region. Adenoviral vectors deleted of the entire E4 region can elicit lower host 
immune responses. When E4-deficient, the adenoviral vector genome can comprise a 
deletion of, for example, nucleotides 32,826 to 35,561 (based on the adenovirus serotype 5 
genome), optionally in addition to deletions in the El region (e.g., nucleotides 356 to 3,329 or 
nucleotides 356 to 3,510) and/or deletions in the E3 region (e.g., nucleotides 28,594 to 30,469 
or nucleotides 28,593 to 30,470). 

Alternatively, the adenoviral vector lacks all or part of the El region and all or part of 
the E2 region (e.g., the E2A region). However, adenoviral vectors lacking all or part of the 
El region, all or part of the E2 region, and all or part of the E3 region also are contemplated 
herein. In one embodiment, the adenoviral vector lacks all or part of the El region, all or part 
of the E2 region, all or part of the E3 region, and all or part of the E4 region. Suitable 
replication-deficient adenoviral vectors are disclosed in U.S. Patents 5,851,806 and 
5,994,106 and International Patent Applications WO 95/34671 and WO 97/21826. For 
example, suitable replication-deficient adenoviral vectors include those with at least a partial 
deletion of the El a region, at least a partial deletion of the El b region, at least a partial 
deletion of the E2a region, and at least a partial deletion of the E3 region. Alternatively, the 
replication-deficient adenoviral vector can have at least a partial deletion of the El region, at 
least a partial deletion of the E3 region, and at least a partial deletion of the E4 region. 
Alternatively or in addition, other regions of the adenoviral genome also can be deleted such 
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as the VAI gene and VAII gene as described in International Patent Application No. 
PCTYUS02/291 1 1 . Multiply-deficient viral vectors are particularly useful in that such vectors 
can accept large inserts of exogenous DNA. Indeed, adenoviral amplicons, an example of a 
multiply-deficient adenoviral vector which comprises only those genomic sequences required 
for packaging and replication of the viral genome, can accept inserts of approximately 36 kb. 

Therefore, in a preferred embodiment, the expression vector of the inventive method 
is a multiply-deficient adenoviral vector lacking all or part of the El region, all or part of the 
E3 region, all or part of the E4 region, and, optionally, all or part of the E2 region. In this 
regard, it has been observed that an at least E4-deficient adenoviral vector expresses a 
transgene at high levels for a limited amount of time in vivo and that persistence of expression 
of a transgene in an at least E4-deficient adenoviral vector can be modulated through the 
action of a trans-acting factor, such as HSV ICPO, Ad pTP, CMV-IE2, CMV-IE86, HIV tat, 
HTLV-tax, HBV-X, AAV Rep 78, the cellular factor from the U205 osteosarcoma cell line 
that functions like HSV ICPO, or the cellular factor in PC 12 cells that is induced by nerve 
growth factor, among others. In view of the above, a nucleic acid sequence encoding a 
trans-acting factor that modulates the persistence of expression of the nucleic acid sequence 
encoding the gene product can be administered. Use of trans-acting factors in combination 
with replication deficient adenoviral vectors is further described in U.S. Patents 6,225,1 13; 
6,660,521; and 6,649,373; and International Patent Application WO 00/34496. 

It should be appreciated that the deletion of different regions of the adenoviral vector 
can alter the immune response of the mammal. In particular, deletion of different regions can 
reduce the inflammatory response generated by the adenoviral vector. Furthermore, the 
adenoviral vector's coat protein can be modified so as to decrease the adenoviral vector's 
ability or inability to be recognized by a neutralizing antibody directed against the wild-type 
coat protein, as described in International Patent Application WO 98/40509. Such 
modifications are useful for long-term treatment of persistent ocular disorders. 

The adenoviral vector, when multiply replication-deficient, especially in 
replications-essential gene functions of the El and E4 regions, preferably includes a spacer 
element to provide viral growth in a complementing cell line similar to that achieved by 
singly replication-deficient adenoviral vectors, particularly an adenoviral vector comprising a 
deficiency in the El region. In a preferred E4~ adenoviral vector of the invention wherein the 
L5 fiber region is retained, the spacer is desirably located between the L5 fiber region and the 
right-side ITR. More preferably in such an adenoviral vector, the E4 polyadenylation 
sequence alone or, most preferably, in combination with another sequence exists between the 
L5 fiber region and the right-side ITR, so as to sufficiently separate the retained L5 fiber 
region from the right-side ITR, such that viral production of such a vector approaches that of 
a singly replication deficient adenoviral vector, particularly a singly replication deficient El 
deficient adenoviral vector. 
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The spacer element can contain any sequence or sequences which are of a desired 
length, such as sequences at least about 15 base pairs (e.g., between about 15 base pairs and 
about 12,000 base pairs), preferably about 100 base pairs to about 10,000 base pairs, more 
preferably about 500 base pairs to about 8,000 base pairs, even more preferably about 1,500 
base pairs to about 6,000 base pairs, and most preferably about 2,000 to about 3,000 base 
pairs in length. The spacer element sequence can be coding or non-coding and native or 
non-native with respect to the adenoviral genome, but does not restore the 
replication-essential function to the deficient region. The spacer can also contain a 
promoter-variable expression cassette. More preferably, the spacer comprises an additional 
polyadenylation sequence and/or a passenger gene. Preferably, in the case of a spacer 
inserted into a region deficient for E4, both the E4 polyadenylation sequence and the E4 
promoter of the adenoviral genome or any other (cellular or viral) promoter remain in the 
vector. The spacer is located between the E4 polyadenylation site and the E4 promoter, or, if 
the E4 promoter is not present in the vector, the spacer is proximal to the right-side ITR, The 
spacer can comprise any suitable polyadenylation sequence. Examples of suitable 
polyadenylation sequences include synthetic optimized sequences, BGH (Bovine Growth 
Hormone), polyoma virus, TK (Thymidine Kinase), EBV (Epstein Barr Virus) and the 
papillomaviruses, including human papillomaviruses and BP V (Bovine Papilloma Virus). 
Preferably, particularly in the E4 deficient, region, the spacer includes an SV40 
polyadenylation sequence. The SV40 polyadenylation sequence allows for higher virus 
production levels of multiply replication deficient adenoviral vectors. In the absence of a 
spacer, production of fiber protein and/or viral growth of the multiply replication-deficient 
adenoviral vector is reduced by comparison to that of a singly replication-deficient adenoviral 
vector. However, inclusion of the spacer in at least one of the deficient adenoviral regions, 
preferably the E4 region, can counteract this decrease in fiber protein production and viral 
growth. Ideally, the spacer is composed of the glucuronidase gene. The use of a spacer in an 
adenoviral vector is further described in, for example, U.S. Patent 5,85 1 ,806 and International 
Patent Application WO 97/21 826. 

Desirably, the adenoviral vector requires, at most, complementation of 
replication-essential gene functions of the El, E2A, and/or E4 regions of the adenoviral 
genome for replication (i.e., propagation). However, the adenoviral genome can be modified 
to disrupt one or more replication-essential gene functions as desired by the practitioner, so 
long as the adenoviral vector remains deficient and can be propagated using, for example, 
complementing cells and/or exogenous DNA (e.g., helper adenovirus) encoding the disrupted 
replication-essential gene functions. In this respect, the adenoviral vector can be deficient in 
replication-essential gene functions of only the early regions of the adenoviral genome, only 
the late regions of the adenoviral genome, and both the early and late regions of the 
adenoviral genome. The adenoviral vector also can have essentially the entire adenoviral 
genome removed, in which case it is preferred that at least the viral inverted terminal repeats 
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(ITRs) and a packaging signal are left intact (i.e., an adenoviral amplicon). Suitable 
replication-deficient adenoviral vectors, including multiply replication-deficient adenoviral 
vectors, are disclosed in U.S. Patents 5,837,51 1 ; 5,851,806; 5,994,106; and 6,579,522; U.S. 
Published Patent Applications 2001/0043922 Al, 2002/0004040 Al, 2002/0031831 Al, and 
2002/01 10545 Al, and International Patent Applications WO 95/34671, WO 97/12986, and 
WO 97/21826. Ideally, the pharmaceutical composition is virtually free of 
replication-competent adenovirus (RCA) contamination (e.g., the pharmaceutical 
composition comprises less than about 1% of RCA contamination). Most desirably, the 
pharmaceutical composition is RCA-free. Adenoviral vector compositions and stocks that 
are RCA-free are described in U.S. Patents 5,944,106 and 6,482,616, U.S. Published Patent 
Application 2002/01 10545 Al, and International Patent Application WO 95/34671. Ideally, 
the pharmaceutical composition also is free of El-revertants when the adenoviral vector is 
El -deficient in combination with deficiencies in other replication-essential gene functions of 
another region of the adenoviral genome, as further described in International Patent 
Application WO 03/040314. 

In addition to modification (e.g., deletion, mutation, or replacement) of adenoviral 
sequences encoding replication-essential gene functions, the adenoviral genome can contain 
benign or non-lethal modifications, i.e., modifications which do not render the adenovirus 
replication-deficient, or, desirably, do not adversely affect viral functioning and/or 
production of viral proteins, even if such modifications are in regions of the adenoviral 
genome that otherwise contain replication-essential gene functions. Such modifications 
commonly result from DNA manipulation or serve to facilitate expression vector 
construction. For example, it can be advantageous to remove or introduce restriction enzyme 
sites in the adenoviral genome. Such benign mutations often have no detectable adverse 
effect on viral functioning. For example, the adenoviral vector can comprise a deletion of 
nucleotides 10,594 and 10,595 (based on the adenoviral serotype 5 genome), which are 
associated with VA-RNA-1 transcription, but the deletion of which does not prohibit 
production of VA-RNA- 1 . 

Similarly, the coat protein of a viral vector, preferably an adenoviral vector, can be 
manipulated to alter the binding specificity or recognition of a virus for a viral receptor on a 
potential host cell. For adenovirus, such manipulations can include deletion of regions of the 
fiber, penton, or hexon, insertions of various native or non-native ligands into portions of the 
coat protein, and the like. Manipulation of the coat protein can broaden the range of cells 
infected by a viral vector or enable targeting of a viral vector to a specific cell type. For 
example, in one embodiment, the expression vector is an adenoviral vector comprising a 
chimeric coat protein (e.g., a fiber, hexon pIX, pllla, or penton protein), which differs from 
the wild-type (i.e., native) coat protein by the introduction of a nonnative amino acid 
sequence, preferably at or near the carboxyl terminus. Preferably, the nonnative amino acid 
sequence is inserted into or in place of an internal coat protein sequence. One of ordinary 
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skill in the art will understand that the normative amino acid sequence can be inserted within 
the internal coat protein sequence or at the end of the internal coat protein sequence. The 
resultant chimeric viral coat protein is able to direct entry into cells of the viral, i.e., 
adenoviral, vector comprising the coat protein that is more efficient than entry into cells of a 
vector that is identical except for comprising a wild-type viral coat protein rather than the 
chimeric viral coat protein. Preferably, the chimeric virus coat protein binds a novel 
endogenous binding site present on the cell surface that is not recognized, or is poorly 
recognized by a vector comprising a wild-type coat protein. One direct result of this 
increased efficiency of entry is that the virus, preferably, the adenovirus, can bind to and enter 
numerous cell types which a virus comprising wild-type coat protein typically cannot enter or 
can enter with only a low efficiency. 

In another embodiment of the invention, the expression vector is a viral vector 
comprising a chimeric virus coat protein not selective for a specific type of eukaryotic cell. 
The chimeric coat protein differs from the wild-type coat protein by an insertion of a 
normative amino acid sequence into or in place of an internal coat protein sequence. In this 
embodiment, the chimeric virus coat protein efficiently binds to a broader range of eukaryotic 
cells than a wild-type virus coat, such as described in International Patent Application WO 
97/20051. 

Specificity of binding of an adenovirus to a given cell can also be adjusted by use of 
an adenovirus comprising a short-shafted adenoviral fiber gene, as discussed in U.S. Patent 
5,962,3 1 1 . Use of an adenovirus comprising a short-shafted adenoviral fiber gene reduces the 
level or efficiency of adenoviral fiber binding to its cell-surface receptor and increases 
adenoviral penton base binding to its cell-surface receptor, thereby increasing the specificity 
of binding of the adenovirus to a given cell. Alternatively, use of an adenovirus comprising a 
short-shafted fiber enables targeting of the adenovirus to a desired cell-surface receptor by the 
introduction of a normative amino acid sequence either into the penton base or the fiber knob. 

Of course, the ability of a viral vector to recognize a potential host cell can be 
modulated without genetic manipulation of the coat protein. For instance, complexing an 
adenovirus with a bispecific molecule comprising a penton base-binding domain and a 
domain that selectively binds a particular cell surface binding site enables one of ordinary 
skill in the art to target the vector to a particular cell type. 

Suitable modifications to a viral vector, specifically an adenoviral vector, are 
described in U.S. Patents 5,543,328; 5,559,099; 5,712,136; 5,731,190; 5,756,086; 5,770,442; 
5,846,782; 5,871,727; 5,885,808; 5,922,315; 5,962,311; 5,965,541; 6,057,155; 6,127,525; 
6,153,435; 6,329,190; 6,455,314; and 6,465,253; U.S. Published Applications 2001/0047081 
Al, 2002/0099024 Al, and 2002/0151027 Al, and International Patent Applications WO 
95/02697, WO 95/16772, WO 95/34671, WO 96/07734, WO 96/22378, WO 96/26281, WO 
97/20051, WO 98/07865, WO 98/07877, WO 98/40509, WO 98/54346, WO 00/15823, WO 
01/58940, and WO 01/92549. Similarly, it will be appreciated that numerous expression 
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vectors are available commercially. Construction of expression vectors is well understood in 
the art. Adenoviral vectors can be constructed and/or purified using methods known in the art 
(e.g., using complementing cell lines, such as the 293 cell line, Per.C6 cell line, or 293-ORF6 
cell line) and methods set forth, for example, in U.S. Patents 5,965,358; 5,994,128; 
6,033,908; 6,168,941; 6,329,200; 6,383,795; 6,440,728; 6,447,995; and 6,475,757; U.S. 
Published Application 2002/0034735 Al, and International Patent Applications WO 
98/53087, WO 98/56937, WO 99/15686, WO 99/54441, WO 00/12765, WO 01/77304, and 
WO 02/29388, as well as the other references identified herein. Adeno-associated viral 
vectors can be constructed and/or purified using the methods set forth, for example, in U.S. 
Patent 4,797,368 and Laughlin et al, Gene, 23, 65-73 (1983). 

The selection of expression vector for use in the inventive method will depend on a 
variety of factors such as, for example, the host, immunogenicity of the vector, the desired 
duration of protein production, and the like. As each type of expression vector has distinct 
properties, a researcher has the freedom to tailor the inventive method to any particular 
situation. Moreover, more than one type of expression vector can be used to deliver the gene 
product to the host cell. 

The nucleic acid sequence is desirably present as part of an expression cassette, i.e., a 
particular nucleotide sequence that possesses functions which facilitate subcloning and 
recovery of a nucleic acid sequence (e.g., one or more restriction sites) or expression of a 
nucleic acid sequence (e.g., polyadenylation or splice sites). The nucleic acid sequence is 
preferably located in the El region (e.g., replaces the El region in whole or in part) of the 
adenoviral genome. For example, the El region can be replaced by a promoter-variable - 
expression cassette comprising the nucleic acid sequence(s). The expression cassette is 
preferably inserted in a 3 *-5 * orientation, e.g., oriented such that the direction of transcription 
of the expression cassette is opposite that of the surrounding adjacent adenoviral genome. In 
addition to the expression cassette comprising the nucleic acid sequence(s), the adenoviral 
vector can comprise other expression cassettes containing nucleic acid sequences encoding 
other products, which cassettes can replace any of the deleted regions of the adenoviral 
genome. The insertion of an expression cassette into the adenoviral genome (e.g., into the El 
region of the genome) can be facilitated by known methods, for example, by the introduction 
of a unique restriction site at a given position of the adenoviral genome. As set forth above, 
preferably all or part of the E3 region of the adenoviral vector also is deleted. 

According to the invention, the nucleic acid sequence is operably linked to regulatory 
sequences necessary for expression, i.e., a promoter. A "promoter" is a DNA sequence that 
directs the binding of RNA polymerase and thereby promotes RNA synthesis. A nucleic acid 
sequence is "operably linked" to a promoter when the promoter is capable of directing 
transcription of that nucleic acid sequence. A promoter can be native or non-native to the 
nucleic acid sequence to which it is operably linked. 
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Any promoter (i.e., whether isolated from nature or produced by recombinant DNA or 
synthetic techniques) can be used in connection with the invention to provide for transcription 
of the nucleic acid sequence. The promoter preferably is capable of directing transcription in 
a eukaryotic (desirably mammalian) cell. The functioning of the promoter can be altered by 
the presence of one or more enhancers and/or silencers present on the vector. "Enhancers" 
are cis-acting elements of DNA that stimulate or inhibit transcription of adjacent genes. An 
enhancer that inhibits transcription also is termed a "silencer. 55 Enhancers differ from 
DNA-binding sites for sequence-specific DNA binding proteins found only in the promoter 
(which also are termed "promoter elements 55 ) in that enhancers can function in either 
orientation, and over distances of up to several kilobase pairs (kb), even from a position 
downstream of a transcribed region. 

Promoter regions can vary in length and sequence and can further encompass one or 
more DNA binding sites for sequence-specific DNA binding proteins and/or an enhancer or 
silencer. Enhancers and/or silencers can similarly be present on a nucleic acid sequence 
outside of the promoter per se. Desirably, a cellular or viral enhancer, such as the 
cytomegalovirus (CMV) immediate-early enhancer, is positioned in the proximity of the 
promoter to enhance promoter activity. In addition, splice acceptor and donor sites can be 
present on a nucleic acid sequence to enhance transcription. 

The invention preferentially employs a viral promoter. Suitable viral promoters are 
known in the art and include, for instance, cytomegalovirus (CMV) promoters, such as the 
CMV immediate-early promoter, promoters derived from human immunodeficiency virus 
(HIV), such as the HIV long terminal repeat promoter, Rous sarcoma virus (RS V) promoters, 
such as the RS V long terminal repeat, mouse mammary tumor virus (MMTV) promoters, 
HSV promoters, such as the Lap2 promoter or the herpes thymidine kinase promoter (Wagner 
et al., Proc. Natl Acad ScL, 78, 144-145 (1981)), promoters derived from SV40 or Epstein 
Barr virus, an adeno-associated viral promoter, such as the p5 promoter, and the like. 
Preferably, the viral promoter is an adenoviral promoter, such as the Ad2 or Ad5 major late 
promoter and tripartite leader, a CMV promoter, or an RS V promoter. 

Alternatively, the invention employs a cellular promoter, i.e., a promoter that drives 
expression of a cellular protein. Preferred cellular promoters for use in the invention will 
depend on the desired expression profile to produce the therapeutic agent(s). In one aspect, 
the cellular promoter is preferably a constitutive promoter that works in a variety of cell types, 
such as cells associated with the eye. Suitable constitutive promoters can drive expression of 
genes encoding transcription factors, housekeeping genes, or structural genes common to 
eukaryotic cells. For example, the Ying Yang 1 (YY1) transcription factor (also referred to as 
NMP-1 , NF-E1 , and UCRBP) is a ubiquitous nuclear transcription factor that is an intrinsic 
component of the nuclear matrix (Guo et al., PNAS 9 92, 10526-10530 (1995)). While the 
promoters described herein are considered as constitutive promoters, it is understood in the 
art that constitutive promoters can be upregulated. Promoter analysis shows that the elements 
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critical for basal transcription reside from -277 to +475 of the YY1 gene relative to the 
transcription start site from the promoter, and include a TATA and CCAAT box. JEM-1 (also 
known as HGMW and BLZF-1) also is a ubiquitous nuclear transcription factor identified in 
normal and tumorous tissues (Tong et al. s Leukemia, 12(1 1), 1733-1740 (1998), and Tong et 
al., Genomics, 69(3), 380-390 (2000)). JEM-1 is involved in cellular growth control and 
maturation, and can be upregulated by retinoic acids. Sequences responsible for maximal 
activity of the JEM-1 promoter has been located at -432 to +1 01 of the JEM-1 gene relative 
the transcription start site of the promoter. Unlike the YY1 promoter, the JEM-1 promoter 
does not comprise a TATA box. The ubiquitin promoter, specifically UbC, is a strong 
constitutively active promoter functional in several species. The UbC promoter is further 
characterized inMarinovic et al., J. Biol Chem., 277(19), 16673-16681 (2002). 

Many of the above-described promoters are constitutive promoters. Instead of being a 
constitutive promoter, the promoter can be an inducible promoter, i.e., a promoter that is up- 
and/or down-regulated in response to appropriate signals. For instance, the regulatory 
sequences can comprise a hypoxia driven promoter, which is active when an ocular disorder 
is associated with hypoxia. Other examples of suitable inducible promoter systems include, 
but are not limited to, the IL-8 promoter, the metallothionine inducible promoter system, the 
bacterial lacZYA expression system, the tetracycline expression system, and the T7 
polymerase system. Further, promoters that are selectively activated at different 
developmental stages (e.g., globin genes are differentially transcribed from globin-associated 
promoters in embryos and adults) can be employed. The promoter sequence that regulates 
expression of the nucleic acid sequence can contain at least one heterologous regulatory 
sequence responsive to regulation by an exogenous agent. The regulatory sequences are 
preferably responsive to exogenous agents such as, but not limited to, drugs, hormones, or 
other gene products (ideally gene products produced in the eye). For example, the regulatory 
sequences, e.g., promoter, preferably are responsive to glucocorticoid receptor-hormone 
complexes, which, in turn, enhance the level of transcription of a therapeutic gene or a 
therapeutic fragment thereof. 

The regulatory sequences can comprise a tissue-specific promoter, i.e., a promoter 
that is preferentially activated in a given tissue and results in expression of a gene product in 
the tissue where activated. A tissue-specific promoter suitable for use in the invention can be 
chosen by the ordinarily skilled artisan based upon the target tissue or cell-type. Preferred 
tissue-specific promoters for use in the inventive method are specific to ocular tissue, such as 
a rhodopsin promoter. Examples of rhodopsin promoters include, but are not limited to, a 
GNAT cone- transducing alpha-subunit gene promoter or an interphotoreceptor retinoid 
binding protein promoter. 

Also preferably, the expression vector comprises a nucleic acid encoding a cis-acting 
factor, wherein the cis-acting factor modulates the expression of the nucleic acid sequence. 
Preferably, the cis-acting factor comprises matrix attachment region (MAR) sequences (e.g., 
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immunoglobulin heavy chain (Jenunwin et aL, Nature, 555(16), 269 (1997)), apolipoprotein 
B, or locus control region (LCR) sequences, among others. MAR sequences have been 
characterized as DNA sequences that associate with the nuclear matrix after a combination of 
nuclease digestion and extraction (Bode et aL, Science, 255(5041), 195-197 (1992)). MAR 
sequences are often associated with enhancer-type regulatory regions and, when integrated 
into genomic DNA, MAR sequences augment transcriptional activity of adjacent nucleotide 
sequences. It has been postulated that MAR sequences play a role in controlling the 
topological state of chromatin structures, thereby facilitating the formation of 
transcriptionally-active complexes. Similarly, it is believed LCR sequences function to 
establish and/or maintain domains permissive for transcription. Many LCR sequences give 
tissue specific expression of associated nucleic acid sequences. Addition of MAR or LCR 
sequences to the expression vector can further enhance expression of the nucleic acid 
sequence. 

To optimize protein production, preferably the nucleic acid sequence further 
comprises a polyadenylation site following the coding region of the nucleic acid sequence. 
Also, preferably all the proper transcription signals (and translation signals, where 
appropriate) will be correctly arranged such that the nucleic acid sequence will be properly 
expressed in the cells into which it is introduced. If desired, the nucleic acid sequence also 
can incorporate splice sites (i.e., splice acceptor and splice donor sites) to facilitate mRNA 
production. Moreover, if the nucleic acid sequence encodes a protein or peptide, which is a 
processed or secreted protein or acts intracellular^, preferably the nucleic acid sequence 
further comprises the appropriate sequences for processing, secretion, intracellular 
localization, and the like. 

In certain embodiments, it may be advantageous to modulate expression of the nucleic 
acid sequence encoding the gene product. An especially preferred method of modulating 
expression of a nucleic acid sequence comprises addition of site-specific recombination sites 
on the expression vector. Contacting an expression vector comprising site-specific 
recombination sites with a recombinase will either up- or down-regulate transcription of a 
coding sequence, or simultaneously up-regulate transcription one coding sequence and 
down-regulate transcription of another, through the recombination event. Use of site-specific 
recombination to modulate transcription of a nucleic acid sequence is described in, for 
example, U.S. Patents 5,801,030 and 6,063,627 and International Patent Application WO 
97/09439. 

The expression vector can comprise a nucleic acid sequence that encodes any gene 
product. The gene product can be a protein or RNA useful in methods of treatment, 
diagnostic methods, or useful in ocular-related research. In one embodiment, the gene 
product is a therapeutic gene product (i.e., a gene product that achieves a beneficial biological 
effect in a patient). Suitable gene products include, but are not limited to, cytokines, enzymes, 
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inhibitors of angiogenesis, neurotrophic factors, antibodies, and biologically-active 
fragments of any of the foregoing. 

Preferably, the expression vector of the inventive method comprises a nucleic acid 
encoding an inhibitor of angiogenesis. The nucleic acid sequence can encode multiple 
inhibitors of angiogenesis. By "inhibitor of angiogenesis" is meant any factor that prevents or 
ameliorates neovascularization. One of ordinary skill in the art will understand that complete 
prevention or amelioration of neovascularization is not required in order to realize a desired 
biological effect. Therefore, the inventive method contemplates both partial and complete 
prevention and amelioration of angiogenesis. An inhibitor of angiogenesis includes, for 
instance, an anti-angiogenic factor, an anti-sense molecule specific for an angiogenic factor, a 
ribozyme, a small interfering RNA (siRNA, an RNA interfering molecule), a receptor for an 
angiogenic factor, and an antibody that binds a receptor for an angiogenic factor. 

The anti-angiogenic factors contemplated for use in the invention include, for 
example, pigment epithelium-derived factor, angiostatin, vasculostatin, endostatin, platelet 
factor 4, heparinase, interferons (e.g., INFoc), tissue inhibitor of metalloproteinase 3 (TIMP3), 
and the like. Such factors prevent the growth of new blood vessels, promote vessel 
maturation, inhibit permeability of blood vessels, inhibit the migration of endothelial cells, 
and the like. Various anti-angiogenic factors are described in International Patent 
Application WO 02/22176. One of ordinary skill in the art will appreciate that any 
anti-angiogenic factor can be modified or truncated and retain anti-angiogenic activity. As 
such, active fragments of anti-angiogenic factors (i.e., those fragments having biological 
activity sufficient to inhibit angiogenesis) are also suitable. 

An anti-sense molecule specific for an angiogenic factor should generally be 
substantially identical to at least a portion, preferably at least about 20 continuous nucleotides, 
of the nucleic acid encoding the angiogenic factor to be inhibited, but need not be identical. 
The anti-sense nucleic acid molecule can be designed such that the inhibitory effect applies to 
other proteins within a family of genes exhibiting homology or substantial homology to the 
nucleic acid. The introduced anti-sense nucleic acid molecule also need not be full-length 
relative to either the primary transcription product or fully processed mRNA. Generally, 
higher homology can be used to compensate for the use of a shorter sequence. Furthermore, 
the anti-sense-molecule need not have the same intron or exon pattern, and homology of 
non-coding segments will be equally effective. Antisense phosphorothiotac 
oligodeoxynucleotides (PS-ODNs) is exemplary of an anti-sense molecule specific for an 
angiogenic factor. Also suitable are other RNA interfering agents, such as siRNA (see, e.g., 
Chui et aL, Mot Cell, 10(3), 549-61 (2002)). 

Ribozymes can be designed that specifically pair with virtually any target RNA and 
cleave the phosphodiester backbone at a specific location, thereby functionally inactivating 
the target RNA. In carrying out this cleavage, the ribozyme is not itself altered and is, thus, 
capable of recycling and cleaving other molecules, making it a true enzyme. The inclusion of 
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ribozyme sequences within antisense RNAs confers RNA-cleaving activity upon them, 
thereby increasing the activity of the constructs. The design and use of target RNA-specific 
ribozymes is described in Haseloff et aL, Nature, 334, 585-591 (1988). Preferably, the 
ribozyme comprises at least about 20 continuous nucleotides complementary to the target 
sequence on each side of the active site of the ribozyme. 

Receptors specific for angiogenic factors inhibit neovascularization by sequestering 
growth factors away from functional receptors capable of promoting a cellular response. For 
example, Fit and Flk receptors (e.g., soluble fit (sflt)), as well as VEGF-receptor chimeric 
proteins, compete with VEGF receptors on vascular endothelial cells to inhibit endothelial 
cell growth (Aiello, PNAS, 92, 10457 (1995)). Also contemplated are growth factor-specific 
antibodies and fragments thereof (e.g., Fab, F(ab>)2, and Fv) that neutralize angiogenic 
factors or bind receptors for angiogenic factors. 

The expression vector can comprise a nucleic acid sequence encoding a vessel 
maturation factor. Many ocular disorders involve leakage of blood products through vessels, 
which can cloud vision and induce an immune response within the layers of the eye. Vessel 
maturation factors reduce the amount of vascular leakage and, therefore, are useful in treating, 
for example, exudative ocular disorders. Vessel maturation factors include, but are not 
limited to, angiopoietins (Ang, e.g., Ang-1 and Ang-2), tumor necrosis factor-alpha (TNF-a), 
midkine (MK), COUP-TFII, hepatic growth fagtor (HGF), and heparin-binding neurotrophic 
factor (HBNF, also known as heparin binding growth factor). 

The invention also contemplates delivery of a nucleic acid sequence encoding at least 
one neurotrophic agent (or neurotrophic factor) to ocular cells. Neurotrophic factors are 
thought to be responsible for the maturation of developing neurons and for maintaining adult 
neurons. Thus, the method of the invention can be used to inhibit or reverse neural cell 
degeneration and death not associated with neovascular diseases. Neurotrophic factors are 
divided into three subclasses: neuropoietic cytokines; neurotrophins; and the fibroblast 
growth factors. Ciliary neurotrophic factor (CNTF) is exemplary of neuropoietic cytokines. 
CNTF promotes the survival of ciliary ganglionic neurons and supports certain neurons that 
are NGF-responsive. Neurotrophins include, for example, brain-derived neurotrophic factor 
and nerve growth factor, perhaps the best characterized neurotrophic factor. Other 
neurotrophic factors suitable for being encoded by the nucleic acid sequence of the inventive 
method include, for example, transforming growth factors, glial cell-line derived 
neurotrophic factor, neurotrophin 3, neurotrophin 4/5, and interleukin 1-p. Neurotrophic 
factors associated with angiogenesis, such as aFGF and bFGF, are less preferred. The 
neurotrophic factor can also be a neuronotrophic factor, e.g., a factor that enhances neuronal 
survival. It has been postulated that neurotrophic factors can actually reverse degradation of 
. neurons. Such factors, conceivably, are useful in treating the degeneration of neurons 
associated with vision loss. Neurotrophic factors function in both paracrine and autocrine 
fashions, making them ideal therapeutic agents. Preferably, the nucleic acid sequence of the 
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invention encodes both an inhibitor of angiogenesis and a neurotrophic factor. More 
preferably, the nucleic acid sequence encodes at least one factor comprising both 
anti-angiogenic and neurotrophic properties. Most preferably, the factor comprising both 
anti-angiogenic and neurotrophic properties is PEDF. 

PEDF, also named early population doubling factor-1 (EPC-1), is a secreted protein 
having homology to a family of serine protease inhibitors named serpins. PEDF is made 
predominantly by retinal pigment epithelial cells and is detectable in most tissues and cell 
types of the body. PEDF has been observed to induce differentiation in retinoblastoma cells 
and enhance survival of neuronal populations (Chader, Cell Different, 20, 209-216 (1987)). 
Factors that enhance neuronal survival under adverse conditions, such as PEDF, are termed 
"neuronotrophic," as described herein. PEDF further has gliastatic activity, or has the ability 
to inhibit glial cell growth. As discussed above, PEDF also has anti-angiogenic activity. 
Anti-angiogenic derivatives of PEDF include SLED proteins, discussed in WO 99/04806. It 
has also been postulated that PEDF is involved with cell senescence (Pignolo et al., J. Biol 
Chem., 268(12), 8949-8957 (1998)). PEDF for use in the inventive method can be derived 
from any source, and is further characterized in U.S. Patent 5,840,686 and International 
Patent Applications WO 93/24529 and WO 99/04806. Desirably, the adenoviral vector 
comprises the nucleic acid sequence set forth in SEQ ID NO: 1 . 

The expression vector, e.g., the adenoviral or the adeno-associated viral vector, also 
can comprise a nucleic acid sequence encoding a protein fragment, such as a therapeutic 
fragment of at least one inhibitor of angiogenesis or at least one neurotrophic factor. One of 
ordinary skill in the art will appreciate that any inhibitor of angiogenesis or neurotrophic 
factor, e.g., PEDF, can be modified or truncated and retain anti-angiogenic or neurotrophic 
activity. As such, coding sequences for therapeutic fragments (i.e., those fragments having 
biological activity sufficient to, for example, inhibit angiogenesis or promote neuron 
survival) also are suitable for incorporation into the expression vector. Also suitable for 
incorporation into the expression vector are nucleic acid sequences comprising substitutions, 
deletions, or additions, but which encode a functioning inhibitor of angiogenesis or 
neurotrophic factor or a therapeutic fragment of any of the foregoing. A functioning inhibitor 
of angiogenesis or a therapeutic fragment thereof prevents or ameliorates neovascularization. 
A functioning neurotrophic factor or a therapeutic fragment thereof desirably promotes 
neuronal cell differentiation, inhibits glial cell proliferation, and/or promotes neuronal cell 
survival. One of ordinary skill in the art will understand that complete prevention or 
amelioration of neovascularization is not required in order to realize a therapeutic effect. 
Likewise, complete induction of neuron survival or differentiation is not required in order to 
realize a benefit. Therefore, both partial and complete prevention and amelioration of 
angiogenesis or promotion of neuron survival is appropriate. The ordinarily skilled artisan 
has the ability to determine whether a modified therapeutic factor or a fragment thereof has 
neurotrophic and anti-angiogenic therapeutic activity using, for example, neuronal cell 



21 



differentiation and survival assays (see, for example, U.S. Patent 5,840,686), the mouse ear 
model of neovascularization, or the rat hindlimb ischemia model. 

Similarly, one of ordinary skill in the art will appreciate that the inhibitor of 
angiogenesis and/or the neurotrophic factor can.be a factor that acts upon a receptor for an 
anti-angiogenic factor or a receptor for a neurotrophic factor, thereby resulting in the desired 
biological effect. For instance, the expression vector can comprise a nucleic acid sequence 
encoding an antibody or peptide agonist that binds and activates the PEDF receptor, which 
signals a series of intracellular events responsible for the biological activity of PEDF. 
Likewise, the expression vector can comprise a nucleic acid sequence encoding a peptide that 
interacts with a PEDF receptor to achieve a biological effect. For example, a dominant 
positive protein can be constructed which constitutively activates cell-signaling via the PEDF 
receptor. For a discussion of PEDF receptors, see, for example, Alberdi et al., J. Biol Chem. , 
274(44% 31605 (1999). 

The invention also contemplates the use of nucleic acid sequences encoding chimeric 
or fusion peptides. Through recombinant DNA technology, scientists have been able to 
generate fusion proteins that contain the combined amino acid sequence of two or more 
proteins. The ordinarily skilled artisan can fuse the active domains of two or more factors to 
generate chimeric peptides with desired activity. A fusion protein, such as a fusion protein 
comprising ap anti-angiogenic factor or neurotrophic factor or, a therapeutip fragment thereof 
and for example, a moiety that stabilizes peptide conformation, also can be present in the 
expression vector. The chimeric peptide can comprise the entire amino acid sequences of two 
or more peptides or, alternatively, can be constructed to comprise portions of two or more 
peptides (e.g., 10, 20, 50, 75, 100, 400, 500, or more amino acid residues). Desirably, the 
chimeric peptide comprises anti-angiogenic and neurotrophic activity, which can be 
determined using routine methods. 

The method of the invention can be part of a treatment regimen involving other 
therapeutic modalities. It is appropriate, therefore, if the ocular-related disorder, namely 
ocular neovascularization or age-related macular degeneration, has been treated, is being 
treated, or will be treated with any of a number of additional ocular therapies, such as drug 
therapy, panretinal therapy, thexmotherapy, radiation therapy, or surgery. The surgery can 
comprise, for instance, macular translocation, removal of subretinal blood, or removal of 
subretinal choroidal neovascular membrane. The expression vector is preferably 
administered intraocularly for the prophylactic or therapeutic treatment of an ocular-related 
disorder, e.g., age-related macular degeneration or persistent or recurrent ocular 
neovascularization, which is also treated with drugs, surgery, laser photocoagulation, and/or 
photodynamic therapies. 

The expression vector of the inventive method is delivered to the eye, wherein the 
expression vector transduces host cells. Delivery to the eye can be achieved by administering 
the expression vector to any component of the ocular apparatus (e.g., eye globe, layers of the 
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eye globe, muscles or connective tissue associated with the eye, etc.), such that the gene 
product is produced and delivered to target ocular cells. Ocular cells include, but are not 
limited to, cells of neural origin, cells of all layers of the retina, especially retinal pigment 
epithelial cells, glial cells, pericytes, endothelial cells, iris epithelial cells, corneal cells, 
ciliary epithelial cells, Mueller cells, astrocytes, muscle cells surrounding and attached to the 
eye (e.g., cells of the lateral rectus muscle), fibroblasts (e.g., fibroblasts associated with the 
episclera), orbital fat cells, cells of the sclera and episclera, connective tissue cells, muscle 
cells, cells of the trabecular meshwork, fibroblasts, and vascular endothelial cells. In that a 
great deal of retinal damage occurs as a result of edema, thickening of underlying membranes, 
and build-up of metabolic byproducts, the expression vector can be administered to an area of 
vascular leakage. 

The expression vector desirably is administered in a pharmaceutical composition, 
which comprises a pharmaceutical^ acceptable carrier and the expression vector(s). Any 
suitable pharmaceutically acceptable carrier can be used within the context of the invention, 
and such carriers are well known in the art. The choice of carrier will be determined, in part, 
by the particular site to which the composition is to be administered and the particular method 
used to administer the composition. 

Suitable formulations include aqueous and non-aqueous solutions, isotonic sterile 
solutions, which can contain anti-qxjdants, buffers, bacteriostats, and solutes that render the : . 
formulation isotonic with the blood or intraocular fluid of the intended recipient, and aqueous 
and non-aqueous sterile suspensions that can include suspending agents, solubilizers, 
thickening agents, stabilizers, and preservatives. The formulations can be presented in 
unit-dose or multi-dose sealed containers, such as ampules and vials, and can be stored in a 
freeze-dried (lyophilized) condition requiring only the addition of the sterile liquid carrier, for 
example, water, immediately prior to use. Extemporaneous solutions and suspensions can be 
prepared from sterile powders, granules, and tablets of the kind previously described. 
Preferably, the pharmaceutically acceptable carrier is a buffered saline solution. More 
preferably, the expression vector is administered in a pharmaceutical composition formulated 
to protect and/or stabilize the expression vector from damage prior to administration. For 
example, the pharmaceutical composition can be formulated to reduce loss of the expression 
vector on devices used to prepare, store, or administer the expression vector, such as 
glassware, syringes, pellets, slow-release devices, pumps, or needles. The pharmaceutical 
composition can be formulated to decrease the light sensitivity and/or temperature sensitivity 
of the expression vector. To this end, the pharmaceutical composition preferably comprises a 
pharmaceutically acceptable liquid carrier, such as, for example, those described above, and a 
stabilizing agent selected from the group consisting of polysorbate 80, L-arginine, 
polyvinylpyrrolidone, trehalose, and combinations thereof. In one embodiment, the 
formulation comprises Tris base (10 mM), NaCl (75 mM), MgCl-6H 2 0 (1 mM), polysorbate 
80 (0.0025%) and trehalose dehydrate (5%). Use of such a pharmaceutical composition will 
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extend the shelf life of the vector, facilitate administration, and increase the efficiency of the 
inventive methods. In this regard, a pharmaceutical composition also can be formulated to 
enhance transduction efficiency. Suitable compositions are further described in U.S. Patents 
6,225,289 and 6,514,943. 

In addition, one of ordinary skill in the art will appreciate that the expression vector, 
e.g., viral vector, of the invention can be present in a composition with other therapeutic or 
biologically-active agents. For example, therapeutic factors useful in the treatment of a 
particular indication can be present. For instance, if treating vision loss, hyaluronidase can be 
added to a composition to, for example, affect the break down of blood and blood proteins in 
the vitreous of the eye. Factors that control inflammation, such as ibuprofen or steroids, can 
be part of the composition to reduce swelling and inflammation associated with in vivo 
administration of the viral vector and ocular distress. Inflammation also can be controlled by 
down-regulating the effects of cytokines involved in the inflammation process (e.g., TNFa). 
Alternatively, agonists for chemokines which control inflammation (e.g., TGFp) can be 
included to reduce the harmful effects of inflammation. Immune system suppressors can be 
administered in combination with the inventive method to reduce any immune response to the 
vector itself or associated with an ocular disorder. Anti-angiogenic factors, such as soluble 
growth factor receptors (sflt), growth factor antagonists (e.g., angiotensin), an anti-growth 
factor antibody (e.g., Lucentis™), Squalamine (an. aminosterol), and the like also can be part, 
of the composition, as well as additional neurotrophic factors. Similarly, vitamins and 
minerals, antioxidants, and micronutrients can be co-administered. Antibiotics, i.e., 
microbicides and fungicides, can be present to reduce the risk of infection associated with 
gene transfer procedures and other disorders. Ligands for nuclear receptors such as thyroid 
hormones, retinoids, specific prostaglandins, estrogen hormone, glucocorticoids or their 
analogues can be part of the composition. Small molecule agonists for the PEDF receptor 
also can be included in the formulation. Such small molecule agonists can amplify the 
therapeutic effect of the inventive method. Suitable drugs for inclusion in the formulation 
include, but are not limited to, a prostaglandin analogue, a beta-blocker (as commonly used 
for glaucoma treatment), hyaluronidase (e.g., Vitrase™ available from Allergan), pegaptanib 
sodium (e.g., Macugen™), tetrahydrozoline hydrochloride (e.g., Visine™), dorzolamide 
hydrochloride (Cosopt™ and Truspot™), and an alpha-2-adrenergic agonist (e.g., 
Alphagan™). Alternatively, these compounds can be administered separately to the animal. 

One skilled in the art will appreciate that suitable methods, i.e., invasive and 
noninvasive methods, of administering an expression vector to the eye are available. 
Although more than one route can be used to administer a particular expression vector to an 
eye, such as a human eye, a particular route can provide a more immediate and more effective 
reaction than another route. Accordingly, the described routes of administration are merely 
exemplary and are in no way limiting. 
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Any route of administration is appropriate so long as the expression vector transduces 
a host cell. The expression vector can be appropriately formulated and administered in the 
form of an injection, eye lotion, ointment, implant and the like. An expression vector can be 
applied, for example, topically, intracamerally, subconjunctival^, intraocularly, 
retrobulbarly, periocularly (e.g., subtenon delivery), subretinally, intravitreously, or 
suprachoroidally for direct administration to the eye. In certain cases, it may be appropriate 
to administer multiple applications and employ multiple routes, e.g., subretinal and 
intravitreous, to ensure sufficient exposure of ocular cells to the expression vector. Multiple 
applications of the expression vector may also be required to achieve the desired effect. 

Depending on the particular case, it may be desirable to non-invasively administer the 
expression vector to a patient. For instance, if multiple surgeries have been performed, the 
patient displays low tolerance to anesthetic, or if other ocular-related disorders exist, topical 
administration of the expression vector may be most appropriate. Topical formulations are 
well known to those of skill in the art. Such formulations are suitable in the context of the 
invention for application to the skin. The use of patches, corneal shields (see, e.g., U.S. 
Patent 5,185,152), and ophthalmic solutions (see, e.g., U.S. Patent 5,710,182) and ointments, 
e.g., eye drops, is also within the skill in the art. The expression vector can also be 
administered non-invasively using a needleless injection device, such as the Biojector 2000 
Needle-Free Injection Management System® available from Bioject, Inc. 

The expression vector can be present in or on a device that allows controlled or 
sustained release of the expression vector, such as an ocular sponge, meshwork, mechanical 
reservoir, or mechanical implant. Implants (see, e.g., U.S. Patents 4,853,224; 4,997,652; and 
5,443,505), devices (see, e.g., U.S. Patents 4,863,457; 5,098,443; 5,554,187; and 5,725,493), 
such as an implantable device, e.g., a mechanical reservoir, an intraocular device or an 
extraocular device with an intraocular conduit, or an implant or a device comprised of a 
polymeric composition are particularly useful for ocular administration of the expression 
vector. An expression vector also can be administered in the form of sustained-release 
formulations (see, e.g., U.S. Patent 5,378,475) comprising, for example, gelatin, chondroitin 
sulfate, a polyphosphoester, such as bis-2-hydroxyethyl-terephthalate (BHET), or a 
polylactic-glycolic acid. 

Alternatively, the expression vector can be administered using invasive procedures, 
such as, for instance, intravitreal injection or subretinal injection, optionally preceded by a 
vitrectomy, or periocular (e.g., subtenon) delivery. The expression vector can be injected into 
different compartments of the eye, e.g., the vitreal cavity or anterior chamber. 
Pharmaceutical^ acceptable carriers for injectable compositions are well-known to those of 
ordinary skill in the art (see Pharmaceutics and Pharmacy Practice, J.B. Lippincott Co., 
Philadelphia, PA, Banker and Chalmers, eds., pages 238-250 (1982), andASHP Handbook on 
Injectable Drugs, Toissei, 4 th ed., pages 622-630 (1986)). Although less preferred, the 
expression vector can also be administered in vivo by particle bombardment, i.e., a gene gun. 
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Preferably, the expression vector is administered via an ophthalmologic instrument 
for delivery to a specific region of an eye. Use of a specialized ophthalmologic instrument 
ensures precise administration of the expression vector while minimizing damage to adjacent 
ocular tissue. A preferred ophthalmologic instrument is a combination of forceps and 
subretinal needle or sharp bent cannula. 

While intraocular injection is preferred, injectable compositions also can be 
administered intramuscularly, intravenously, intraarterially, intraperitoneally, parenterally, 
systemically, or subcutaneously. Expression vectors also can be administered intratracheally, 
orally, trans-dermally, or intranasally. Preferably, any expression vector administered to a 
patient using these routes of administration in the context of the invention is specifically 
targeted to ocular cells. As discussed herein, an expression vector can be modified to alter the 
binding specificity or recognition of an expression vector for a receptor on a potential host 
cell. With respect to adenovirus, such manipulations can include deletion of regions of the 
fiber, penton, or hexon, insertions of various native or non-native ligands into portions of the 
coat protein, and the like. One of ordinary skill in the art will appreciate that parenteral 
administration can require large doses or multiple administrations to effectively deliver the 
expression vector to the appropriate host cells. 

One of ordinary skill in the art will also appreciate that dosage and routes of 
administration can be selected to minimize loss of expression vector due to a host's immune 
system. For example, for transducing ocular cells in vivo, it can be advantageous to 
administer to a host a null expression vector (i.e., an expression vector not comprising the 
nucleic acid sequence encoding the gene product) prior to performing the inventive method. 
Prior administration of null expression vectors can serve to create an immunity (e.g., 
tolerance) in the host to the expression vector, thereby decreasing the amount of vector 
cleared by the immune system. 

The dose of expression vector administered to an animal, particularly a human, in 
accordance with the invention should be sufficient to affect the desired response in the animal 
over a reasonable time frame. One skilled in the art will recognize that dosage will depend 
upon a variety of factors, including the age, species, the pathology in question, and condition 
or disease state. Dosage also depends on the gene product, e.g., inhibitor of angiogenesis 
and/or neurotrophic factor, to be expressed, as well as the amount of ocular tissue to be 
transduced and/or about to be affected or actually affected by the ocular-related disease. The 
size of the dose also will be determined by the route, timing, and frequency of administration 
as well as the existence, nature, and extent of any adverse side effects that might accompany 
the administration of a particular expression vector and the desired physiological effect. It 
will be appreciated by one of ordinary skill in the art that various conditions or disease states, 
in particular, chronic conditions or disease states, may require prolonged treatment involving 
multiple administrations. 
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Suitable doses and dosage regimens can be determined by conventional range-finding 
techniques known to those of ordinary skill in the art. Preferably, about 10 6 viral particles to 
about 10 12 viral particles are delivered to the patient. In other words, a pharmaceutical 
composition can be administered that comprises an expression vector concentration of from 
about 10 6 particles/ml to about 10 12 particles/ml (including all integers within the range of 
about 10 6 particles/ml to about 10 12 particles/ml) 5 preferably from about 10 10 particles/ml to 
about 10 12 particles/ml, and will typically involve the intraocular administration of from 
about 0. 1 |al to about 1 00 \i\ of such a pharmaceutical composition per eye. In some instances, 
an injection can comprise from about 0.5 mL to about 1 mL of pharmaceutical composition. 
Ideally, a dose of about 1 x 10 6 , about 1 x 10 6 ' 5 , about 1 x 10 7 , about 1 x 10 7 ' 5 , about 1 x 10 8 , 
about 1 x 10 8 ' 5 , about 1 x 10 9 , or about 1 x 10 9 * 5 particles of adenoviral vector (e.g., about 3 x 
10 7 , 3 x 10 8 , or 3 x 10 9 particles of adenoviral vector) is administered per eye to a patient via 
intravitreal injection. Alternatively, the adenoviral vector of the inventive method is 
administered subretinally in a dose of about 1 x 10 5 , about 1 x 10 s 5 , about 1 x 10 6 , about 1 x 
10 6 5 , about 1 x 10 7 , about 1 x 10 7 ' 5 , about 1 x 10 8 , or about 1 x 10 85 particles per eye. When 
administered periocularly, the dose of adenoviral vector administered preferably is about 1 x 
10 7 , about 1 x 10 7 - 5 , about 1 x 10 8 , about 1 x 10 8 5 , about 1 x 10 9 , about 1 x 10 95 , about 1 x 10 10 , 
about 1 x 10 10 ' 5 , about 1 x 10 n , about 1 x 10 11 ' 5 , or about 1 x 10 12 particles per eye. When the 
expression vector is a plasmid, preferably about 0.5 ng to about 1000 \ig of DNA is 
administered. More preferably, about 0.1 \xg to about 500 jig is administered, even more 
preferably about 1 |ig to about 100 jig of DNA is administered. Most preferably, about 50 ng 
of DNA is administered per eye. Of course, other routes of administration may require 
smaller or larger doses to achieve a therapeutic effect. Any necessary variations in dosages 
and routes of administration can be determined by the ordinarily skilled artisan using routine 
techniques known in the art. 

The expression vector can be administered any time after inducing a stress response in 
the eye. It is desirable to administer the expression vector after inducing the stress response 
such that transduction of host cells is enhanced and expression of the nucleic acid sequence 
(i.e., transcription) is increased as compared to an expression vector administered in the 
absence of inducing a stress response in the eye. Preferably, the expression vector is 
administered within 3 months (e.g., within 2 months) of inducing a stress response in the eye 
(e.g., exposing the eye to photocoagulation or photodynamic therapy). More preferably, the 
expression vector is administered within 28 days (e.g., within 21 days or within 14 days) of 
inducing a stress response in the eye. Also preferably, the expression vector is administered 
to the eye within 7 days of (e.g., 1, 2, 3, 4, 5, 6, or 7 days after) inducing a stress response in 
the eye. Also preferably, the expression vector is administered within 3 days (e.g., 1, 2, or 3 
days) or within 1 day of inducing the stress response in the eye. 

In some embodiments, it is advantageous to administer two or more (i.e., multiple) 
doses of the expression vector comprising a nucleic acid sequence encoding a gene product to 
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achieve the desired biological response. The inventive method provides for multiple 
applications of the expression vector. For example, at least two applications of an expression 
vector comprising an exogenous nucleic acid encoding a gene product, e.g., a nucleic acid 
sequence encoding at least one inhibitor of angiogenesis and/or at least one neurotrophic 
agent, can be administered to the same eye. Preferably, the multiple doses are administered 
while retaining gene expression above background levels. Also preferably, two applications 
or more of the expression vector is administered within about 30 days or more. More 
preferably, two or more applications are administered to the same eye within about 90 days or 
more. However, three, four, five, six, or more doses can be administered in any time frame 
(e.g., 2, 7, 10, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 85 or more days between doses) so long as 
gene expression occurs (and preferably the ocular disorder is inhibited or ameliorated). 

As discussed herein, the expression vector of the inventive method comprises a 
nucleic acid sequence that encodes a gene product (e.g., at least one inhibitor of angiogenesis 
and/or at least one neurotrophic factor). The nucleic acid sequence can encode multiple, i.e., 
two, three, or more, gene products, or comprise additional transgenes. Desirably, expression 
of one or more additional gene products is beneficial, e.g., prophylactically or therapeutically 
beneficial, to the ocular cell or eye. If the gene product confers a prophylactic or therapeutic 
benefit to the cell, the transgene can exert its effect at the level of RN A or protein. For 
example, a peptide other than an inhibitor of angiogenesis or neurotrophic factor that can be 
employed in the treatment or study of a disorder, e.g., an ocular-related disorder, can be 
encoded by the expression vector. Alternatively, a nucleic acid sequence encoding an 
antisense molecule, a ribozyme, siRNA, a protein that affects splicing or 3' processing (e.g., 
polyadenylation), or a protein that affects the level of expression of another gene within the 
cell (i.e., where gene expression is broadly considered to include all steps from initiation of 
transcription through production of a process protein), such as by mediating an altered rate of 
mRNA accumulation or transport or an alteration in post-transcriptional regulation, can be 
included in the expression vector. In a preferred embodiment, the nucleic acid sequence 
encodes PEDF and ciliary neurotrophic factor (CNTF) or sflt. Multiple inhibitors of 
angiogenesis and/or multiple neurotrophic factors can be operabiy linked to different 
promoters. Multiple gene products can be encoded by multiple expression vectors, which are 
administered to the eye and produced within a target cell. The transgene can encode a 
chimeric peptide for combination treatment of an ocular-related disorder. 

A nucleotide sequence encoding an immunosuppressor also can be incorporated into 
the expression vector to reduce any inappropriate immune response within the eye as a result 
of an ocular-related disorder or the administration of the expression vector. 

A transgene encoding a marker protein, such as green fluorescent protein or luciferase, 
can be incorporated into the expression vector. Such marker proteins are useful in vector 
construction and determining vector migration. Marker proteins also can be used to 
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determine points of injection or treated ocular tissues in order to efficiently space injections of 
the expression vector to provide a widespread area of treatment, if desired. 

The inventive method also can involve the co-administration of other 
pharmaceutical^ active compounds. By "co-administration" is meant administration before, 
concurrently with, e.g., in combination with the expression vector in the same formulation or 
in separate formulations, or after administration of the expression vector as described above. 
Any of the exogenous materials, drugs, proteins, and the like described herein can be 
co-administered with the expression vector as adjuvant therapy. For example, factors that 
control inflammation, such as ibuprofen or steroids, can be co-administered to reduce 
swelling and inflammation associated with intraocular administration of the expression 
vector. Immunosuppressive agents can be co-administered to reduce inappropriate immune 
responses related to an ocular disorder or the practice of the inventive method. 
Anti-angiogenic factors, such as soluble growth factor receptors, growth factor antagonists, 
i.e., angiotensin, and the like can also be co-administered, as well as neurotrophic factors. In 
addition, the expression vector of the inventive method can be administered with 
antiproliferative agents such as siRNA, aptamers, or antibodies which sequester or inactivate 
angiogenic factors such as, for example, VEGF. Similarly, vitamins and minerals, 
anti-oxidants, and micronutrients can be co-administered. Antibiotics, i.e., microbicides and 
fungicides, can be co-administered to reduce the risk, of infection associated with ocular 
procedures and some ocular-related disorders. Other therapeutics for ocular disorders can be 
administered in conjunction with the inventive method. For example, Visudyne® (Novartis), 
Macugen™ (Pfizer), Retaane™ (Alcon), Lucentis™ (Genentech/Novartis), Squalamine 
(Genaera), Cosopt, and Alphagan can be formulated with the expression vector or can be 
administered separately before, during, or after administration of the expression vector to the 
animal. 

EXAMPLES 

The following examples further illustrate the invention but, of course, should not be 
construed as in any way limiting its scope. 

EXAMPLE 1 

This example demonstrates the ability of an expression vector comprising a nucleic 
acid sequence encoding PEDF to inhibit choroidal neovascularization (CNV). 

Replication-deficient (El -/E3 -deficient) adenoviral vectors (AdPEDF.10) comprising 
the coding sequence for PEDF operably linked to the CMV immediate early promoter were 
constructed using standard techniques. A null version of the vector (AdNull.10), which did 
not comprise the PEDF coding sequence, was also constructed. 

Adult C57BL/6 mice were injected intravitreously with AdNull.10 or AdPEDF.10 
using a Harvard pump microinjection apparatus and pulled glass micropipettes. Each eye was 
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injected intravitreously with 1 \d of vehicle containing 10 9 particles of virus. Alternatively, 
each eye was injected subretinally with 10 8 particles of virus suspended in 1 ^1 of vehicle. 
Five days post-injection, mice were anesthetized with ketamine hydrochloride (100 mg/kg 
body weight). Topicamide (1%) was utilized to dilate the pupils prior to rupture of Bruch's 
membrane by diode laser photocoagulation. Rupture of Bruch's membrane is known to 
induce neovascularization of the choroid. 

Fourteen days following laser-induced rupture of Bruch's membrane, choroidal flat 
mounts (described in Edelman et al., Invest Ophthalmol. Vis. Set, 41, S834 (2000)) were 
prepared to observe the degree of neovascularization of the choroidal membrane. Briefly, 
eyes were removed from the subjects and fixed in phosphate-buffered formalin. The cornea, 
lens, and retina were removed from the eyecup, and the eyecup was flat-mounted. Flat 
mounts were then examined by fluorescence microscopy and images were digitized using a 3 
color CCD video camera (IK-TU40A, Toshiba, Tokyo, Japan) for computer image analysis. 

Large areas of neovascularization were observed in uninjected eyes and eyes 
receiving AdNull.10. Eyes injected with AdPEDF.10 subretinally or intravitreously showed 
smaller regions of neovascularization compared to the controls using computerized image 
analysis. 

The above results illustrate the ability PEDF, delivered to the eye using an adenoviral 
vector, to inhibit ocular neovascularization, namely choroidal neovascularization, (CNV), in a 
clinically animal relevant model. 

EXAMPLE 2 

This example demonstrates the ability of an expression vector comprising a nucleic 
acid sequence encoding PEDF to inhibit ischemia-induced retinal neovascularization. 

Replication-deficient adenoviral vectors comprising the coding sequence for PEDF 
operably linked to the CMV immediate early promoter were constructed using standard 
techniques. El-/E3-/E4-deficient vectors encoding PEDF (AdPEDF. 1 1) and a null version of 
the vector (AdNulLl 1), which did not comprise the PEDF coding sequence, were 
constructed. 

Ischemic retinopathy was produced in adult C57BL/6 mice as previously described 
(see, for example, Smith et al., Invest. Ophthalmol Vis. ScL, 35, 101 (1994)). Briefly, seven 
day old mice (P7) were exposed to an atmosphere of 75 +/- 3% oxygen for five days. At PI 0, 
mice were injected intravitreously with 1 0 9 particles of AdPEDF. 1 1 or AdNulL 1 1 , returned to 
oxygen for two days, then returned to room atmosphere. At P 1 7, the mice were sacrificed and 
eyes were rapidly removed and frozen in optimum cutting temperature embedding compound 
(OCT; Miles Diagnostics, Elkhart, IN). 

To detect neovascularization, the eyes were sectioned and histochemically stained 
with biotinylated griffonia simplicifolia lectin B4 (GS A, Vector Laboratories, Burlingame, 
CA). Slides were then incubated in methanol/H 2 02 for 10 minutes at 4 °C, washed with 0.05 

/ 
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M Tris-buffered saline, pH 7.6 (TBS), and incubated for 30 minutes in 10% normal porcine 
serum. The slides were then incubated for two hours with biotinylated GSA, rinsed with TBS, 
and incubated with avidin-coupled alkaline phosphatase (Vector Laboratories) for 45 minutes. 
After a 10 minute wash with TBS, the slides were incubated with Histomark Red. 
GSA-stained, 10 \xm serial sections were examined using an Axioskop microscope. Images 
were digitized using a 3 color CCD video camera (IK-TU40A, Toshiba, Tokyo, Japan) for 
computer image analysis. 

Extensive retinal neovascularization was detected in eyes not injected with any virus. 
Eyes injected with AdNull.l 1 showed less neovascularization than uninjected eyes, but 
significantly more neovascularization of the retina than eyes injected with AdPEDF. 1 1 . Eyes 
injected with AdPEDF. 1 1 comprised the least amount of neovascularization. 

This example clearly demonstrates the ability of adenoviral vector-mediated delivery 
of PEDF to inhibit an ocular-related disorder, namely ischemia-induced retinal 
neovascularization, in a clinically relevant animal model. 

EXAMPLE 3 

This example demonstrates the ability of the inventive method to deliver a gene 
product to the eye. 

Forty albino Lewis rats were used in the study, a portion of which were administered 
photocoagulation therapy or photodynamic therapy. Half of the posterior fundus was laser 
treated, and the remaining hemisphere was untreated as an internal control. The remaining 
rats were not pre-treated with laser therapy and served as negative controls. An adenoviral 
vector comprising an adenoviral genome deficient in one or more essential gene functions of 
the El, E3, and E4 regions of the adenoviral genome and comprising the p-galactosidase gene 
(AdZ.l 1) was injected intravitreously using Hamilton syringes. The p-galactosidase gene 
under the control of the CMV immediate early promoter replaced the El region of the 
adenoviral genome while the E4 region was replaced with a spacer sequence that is not 
transcribed. 

Rats received an intravitreous injection of 3 x 10 9 particles of AdZ. 1 1 per eye at 1, 3, 7, 
and 28 days after laser treatment. Five days after adenovector administration, the eyes were 
enucleated and examined histochemically. LacZ expression was greatest when the 
adenoviral vector was administered three days following laser treatment. However, gene 
expression also was enhanced as compared to controls (eyes wherein AdZ.l 1 was 
administered without laser pre-treatment) when AdZ.l 1 was administered 1, 7, and 28 days 
after laser treatment. Retina pre-treated with photodynamic therapy showed less frequent 
enhanced gene expression than photocoagulation-treated retina. 

To examine the persistence of nucleic acid expression, rats were administered 3x10 
particles of AdZ.l 1 per eye three days following laser treatment. Eyes were enucleated and 
examined histochemically at 5, 14, 28, and 90 days after adenovector administration. 
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Expression of the nucleic acid sequence encoding the p-galactosidase gene product was 
enhanced at all timepoints examined and was sustained at 90 days after administration of 
AdZ. 1 1 (the longest duration examined) in photocoagulation-treated animals. 

A study of various doses in the context of the inventive method was performed. Rats 
received intravitreous injection of 3 x 10 7 particles, 3 x 10 8 particles, or 3 x 10 9 particles of 
AdZ.l 1 per eye three days following laser photocoagulation. Eyes were enucleated and 
examined histochemically five days after adenovector administration. Transduction and lacZ 
expression was enhanced at all dose levels, including the dose of 3 x 10 7 viral particles, the 

lowest dose examined. 

In summary, enhanced tr ansduction and gene expression were observed in eyes 
exposed to photodynamic or photocoagulation therapy prior to administration of an 
adenoviral vector comprising a nucleic acid sequence encoding a gene product. Expression 
of the nucleic acid sequence was enhanced when the expression vector was administered 1,3, 
7, and 28 days after laser pre-treatment. Enhanced gene expression was observed at all 
timepoints examined after viral delivery and was sustained to 90 days, the longest timepoint 
examined. The data provided by this example demonstrates the ability of the inventive 
method to deliver a gene product to the eye, and effect enhanced and prolonged gene 
expression in the eye. 

EXAMPLE 4 

This example demonstrates enhanced transgene expression in the eye as a result of the 
inventive method. 

Female Lewis rats were obtained at 4 to 8 weeks of age, and were administered 
photocoagulation therapy or photodynamic therapy (PDT). Specifically, photocoagulation 
therapy involved delivery of a thermal diode laser PC (532 nm wavelength, 200 um spot size, 
0.5 second duration, 300 mW) using the slitlamp delivery system (SL130, Zeiss, Germany) 
and a hand-held cover slide as a contact lens. Fifty burns were confined to the left half of the 
posterior fundus in each eye. PDT was performed using the hydrophilic photosensitizer 
mono-L-aspartyl chlorin e6 (NPe6, LSI 1, Light Science, Seattle, WA) (see, e.g., Mori et al., 
Ophthalmology, 106, 1384-1391 (1999), Peymanetal., Ophthalmology, 107, 29-35 (2000), 
and Mori et al., Retina, 21, 499-508 (2001)). A solution of 10 mg/kg body weight LSI 1 was 
administered to each rat via the tail vein. Irradiation of the diode laser (664 nm wavelength, 
100 um spot size, 10 second duration, 4.5 mW) was started within five minutes after 
intravenous injection. Five laser spots were placed in the left half of the posterior fundus in 
each eye, using a 664 nm diode laser delivery system. Half of the posterior fundus was laser 
treated, and the remaining hemisphere was untreated as an internal control. Rats not 
pre-treated with laser therapy served as negative controls. 

One group of rats was administered a dose of 3 x 10 9 particle units (pu) of AdZ.l 1 
(Example 3) per eye on day 1, 3, 7, and 28 after laser treatment. The adenoviral vector was 
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injected intravitreously using Hamilton syringes. Five days after adenoviral vector injection, 
eyes were enucleated and examined histochemically for LacZ staining. Histochemical 
analysis consisted of fixing eyes in 2.5% glutaraldehyde in phosphate buffer solution (PBS) 
for 60 minutes and rinsing five times for 10 minutes in PBS. The anterior segments were 
removed and the remaining posterior segments were incubated overnight in 1 mg/mL 
5-bromo-4-chloro-3-indolyl galactopyranoside (X-gal, Sigma, St. Louis, MO) in a solution 
containing 5mM K 3 Fe(CN) 6 , 5 mM K4Fe(CN)6-3H 2 0, and 1 mM MgCl 2 in PBS. Eyes were 
post-fixed for 15 minutes and then rinsed with PBS. For quantitative analysis of X-gal 
staining in the posterior segment of eyes, a dissecting microscope and its camera system (MZ 
8 and MPS 30, Leica, Wetzlar, Germany) were used. Images were captured, digitized and 
analyzed by image-analysis software (Win ROOF, Mitani Corporation, Fukui, Japan) to 
delineate X-gal stained areas. Area ratios (X-gal stained area to total retinal area) were 
calculated for each eye. Statistical analysis comparing the area ratio between treated left 
hemisphere and the untreated right hemisphere was performed using Wilcoxon signed-ranks 
test. A p- value of less than 0.05 was prospectively assigned as the level at which a finding 
would be considered statistically significant. 

There was a significant difference in the ratio of LacZ staining between the 
photocoagulation-treated left fundus and untreated right fundus hemispheres on days 1,3, and 
7. There also was a significant difference in the ratio of LacZ staining between the 
PDT-treated left fundus and untreated right fundus hemispheres on day 3. Retina pre-treated 
with photodynamic therapy showed less frequent enhanced gene expression than 
photocoagulation-treated retina. 

To examine the persistence of nucleic acid expression, rats were administered 3x10 
particles of AdZ.l 1 per eye three days following laser treatment. Eyes were enucleated and 
examined histochemically at 5, 14, 28, 90, 135, and 180 days after adenoviral vector 
administration. Expression of the nucleic acid sequence encoding the p-galactosidase gene 
product was enhanced in the photocoagulation-treated left fundus hemisphere at 5, 14, 90, 
and 135 days after adenoviral vector administration (p<0.05). In contrast, PDT-treated eyes 
demonstrated enhanced p-galactosidase gene expression only 5 days after injection (p<0.05). 

To examine the effect of adenoviral vector dose on nucleic acid expression, rats were 
intravitreously administered 3 x 10 5 particles, 3 x 10 6 particles, 3 x 10 7 particles, 3 x 10 8 
particles, or 3 x 10 9 particles of AdZ.l 1 per eye three days following laser photocoagulation. 
Eyes were enucleated and examined histochemically five days after AdZ.l 1 administration. 
Vector transduction and lacZ expression were enhanced at all dose levels (p<0.05). 

This example demonstrates the ability of the inventive method to deliver a gene 
product to the eye, and effect enhanced and prolonged gene expression in the eye. 
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EXAMPLE 5 

This example demonstrates the expression of adenovirus cell surface receptors in 
retinal and choroidal tissues following photocoagulation therapy (PC) or photodynamic 
therapy (PDT). 

Five C57/BL6 mice received fundus PC with a 532 nm diode laser. Untreated mice 
served as controls. Twenty-four hours after treatment, eyes were enucleated and total RNA 
was extracted from laser photocoagulated retina and choroid. The samples were processed 
for quantitative real-time PCR (qRT-PCR) using a sequence detection system (ABI prism 
7700, Perkin-Elmer, Foster City, CA) to quantify mRNA expression of coxsackie adenovirus 
receptor (CAR), the integrins oV, (33, and p5 which mediate cell surface interaction and 
internalization of adenovirus (see, e.g., Wickham et al., Cell, 73, 309-319 (1993), and 
Bergelson et al., Science, 275, 1320-1323 (1997)). 

Specifically, total RNA was isolated from samples composed of the retina and 
choroids, including retinal pigment epithelium. The samples were homogenized in TRIzol 
reagents (LifeTechnologies, Greand Island, NY) and treated with RNase-free DNase (DNase 
I, Gibco, Paisley, UK) to remove genomic DNA contamination. First-strand cDNA was 
synthesized by reverse transcription of total RNA using reverse transcriptase (Superscript II, 
Invitrogen, Carlsbad, CA) with random hexamers as primers in a total reaction volume of 20 
uL. Amplification of the control gene ARP (acidic ribosomal phosphoprotein P0) was used 
for normalization (see, e.g., Simpdon et al., Mol. Vis., 6, 178-183 (2000), and Hackam et al., 
Mol. Vis., 10, 637-649 (2004)). Nucleic acid sequences encoding CAR, integrins aV, 03, and 
p5, and ARP were amplified using commercially available primers and probe sets (assay IDs: 
Mm00438361_ml for CAR Mm00434506_ml for integrinaV, Mm00443980_ml for 
integrin p3, Mm00439825_ml for integrin p5, and Mm00725448_sl for ARP, Applied 
Biosystems, Foster City, CA). The expression levels of CAR and integrins were assigned 
arbitarary units (relative to baseline samples) using the comparative Ct methods (see Hackam 
et al., supra, and Davidson et al., Nature, 425, 300-306 (2003)). All qRT-PCR experiments 
were performed following the guidelines supplied by Applied Biosystems. Statistical 
analysis was performed using Student's unpaired t-test. A p-value of less than 0.05 was 
prospectively assigned as the level at which a finding would be considered statistically 
significant. 

No significant difference in mRNA expression was measurable for CAR or any of the 
integrin genes when photocoagulated retina was compared to untreated retina. The mean 
mRNA expression for CAR and integrin B5 in photocoagulated choroid was approximately 
two-fold higher than untreated choroid, but this difference was not statistically significant 
(p>0.05). 

This example demonstrates that adenovirus cell surface receptors are not 
overexpressed in retinal or choroidal tissues. 
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All references, including publications, patent applications, and patents, cited herein 
are hereby incorporated by reference to the same extent as if each reference were individually 
and specifically indicated to be incorporated by reference and were set forth in its entirety 
herein. 

The use of the terms "a" and "an" and "the" and similar referents in the context of 
describing the invention (especially in the context of the following claims) are to be construed 
to cover both the singular and the plural, unless otherwise indicated herein or clearly 
contradicted by context. The terms "comprising," "having," "including," and "containing" 
are to be construed as open-ended terms (i.e., meaning "including, but not limited to,") unless 
otherwise noted. Recitation of ranges of values herein are merely intended to serve as a 
shorthand method of referring individually to each separate value falling within the range, 
unless otherwise indicated herein, and each separate value is incorporated into the 
specification as if it were individually recited herein. All methods described herein can be 
performed in any suitable order unless otherwise indicated herein or otherwise clearly 
contradicted by context. The use of any and all examples, or exemplary language (e.g., "such 
as") provided herein, is intended merely to better illuminate the invention and does not pose a 
limitation on the scope of the invention unless otherwise claimed. No language in the 
specification should be construed as indicating any non-claimed element as essential to the 
practice of the invention. . . 

Preferred embodiments of this invention are described herein, including the best mode 
known to the inventors for carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary skill in the art upon reading the 
foregoing description. The inventors expect skilled artisans to employ such variations as 
appropriate, and the inventors intend for the invention to be practiced otherwise than as 
specifically described herein. Accordingly, this invention includes all modifications and 
equivalents of the subject matter recited in the claims appended hereto as permitted by 
applicable law. Moreover, any combination of the above-described elements in all possible 
variations thereof is encompassed by the invention unless otherwise indicated herein or 
otherwise clearly contradicted by context. 
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CLAIMS 

1 . A method of delivering a gene product to an eye, wherein the method 
comprises (a) inducing a stress response in the eye, and (b) subsequently administering to the 
eye an expression vector comprising a nucleic acid sequence encoding a gene product, 
wherein the expression vector transduces a host cell and the nucleic acid sequence is 
expressed to produce the gene product. 

2. A method of prophylactically or therapeutically treating an animal for an 
ocular-related disorder, wherein the method comprises (a) inducing a stress response in an 
eye, and (b) subsequently administering to the eye an expression vector comprising a nucleic 
acid sequence encoding an inhibitor of angiogenesis and/or a neurotrophic agent such that the 
expression vector transduces a host cell and the nucleic acid sequence is expressed to produce 
the inhibitor of angiogenesis and/or neurotrophic agent to treat prophylactically or 
therapeutically the ocular-related disorder. 

3. The method of claim 1 or 2, wherein inducing a stress response in the eye 
comprises applying photodynamic therapy to the eye. 

4. The method of claim 1 or 2, wherein inducing a stress response in the eye 
comprises applying photocoagulation therapy to the eye. 

5. The method of any of claims 1-4, wherein the expression vector is 
administered to the eye within 28 days after inducing a stress response in the eye. 

6. The method of any of claims 1-5, wherein the expression vector is 
administered to the eye within 7 days after inducing a stress response in the eye. 

7. The method of any of claims 1-6, wherein the expression vector is 
administered within 3 days after inducing a stress response in the eye. 

8. The method of any of claims 1-6, wherein the expression vector is 
administered within 1 day after inducing a stress response in the eye. 

9. The method of any of claims 1-8, wherein level of transduction of host cells by 
the expression vector is enhanced as compared to the level of transduction of host cells by the 
expression vector in the absence of inducing a stress response in the eye. 
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10. The method of any of claims 1-9, wherein expression of the nucleic acid 
sequence is enhanced as compared to expression of the nucleic acid sequence in the absence 
of inducing a stress response in the eye. 

11. The method of any of claims 1-10, wherein expression of the nucleic acid 
sequence is enhanced for five days post-administration of the expression vector as compared 
to expression of the nucleic acid sequence in the absence of inducing a stress response in the 
eye. 

1 2. The method of any of claims 1 , 2, or 4- 1 1 , wherein expression of the nucleic 
acid sequence is enhanced for 14 days post-administration of the expression vector as 
compared to expression of the nucleic acid sequence in the absence of inducing a stress 
response in the eye. 

13. The method of any of claims 1, 2, or 4-12, wherein expression of the nucleic 
acid sequence is enhanced for 28 days post-administration of the expression vector as 
compared to expression of the nucleic acid sequence in the absence of inducing a stress 
response in the eye. 

1 4. The method of any of claims 1 , 2, or 4- 1 3, wherein expression of the nucleic 
acid sequence is enhanced for 90 days post-administration of the expression vector as 
compared to expression of the nucleic acid sequence in the absence of inducing a stress 
response in the eye. 

1 5 . The method of any of claims 1-14, wherein the expression vector is a viral 

vector. 

16. The method of any of claims 1-15, wherein the expression vector is an 
adenoviral vector. 

1 7. The method of claim 1 6, wherein the adenoviral vector is 
replication-deficient. 

1 8. The method of claim 1 7, wherein the adenoviral vector is deficient in at least 
one replication-essential gene function of the El region of the adenoviral genome of the 
adenoviral vector. 
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1 9. The method of claim 1 7 or claim 1 8, wherein the adenoviral vector is deficient 
in at least one replication-essential gene function of the E4 region of the adenoviral genome 
of the adenoviral vector. 

20. The method of any of claims 1 or 3- 1 9, wherein the gene product is a protein, 
and the protein is a cytokine, an inhibitor of angiogenesis, a neurotrophic agent, an enzyme, a 
vessel maturation factor, or an antibody. 

2 1 . The method of claim 20, wherein the gene product is an inhibitor of 
angiogenesis, and the inhibitor of angiogenesis is soluble fit or pigment epithelium-derived 
factor (PEDF). 

22. The method of any of claims 1-21, wherein the expression vector is 
administered topically, subconjunctivally, retrobulbarly, periocularly, intravitreously, 
subretinally, suprachoroidally, or intraocularly. 

23 . The method of any of claims 2-22, wherein the ocular-related disorder is 
ocular neovascularization. 

24. The method of any of claims 2-22, wherein the ocular-related disorder is 
age-related macular degeneration. 

25. The method of any of claims 2-22, wherein the ocular-related disorder is 
retinal tumors. 

26. The method of any of claims 2-22, wherein the ocular-related disorder is 
diabetic retinopathy. 

27. The method of any of claims 2-22, wherein the ocular-related disorder is 
macular edema. 

28. The method of any of claims 2-22, wherein the ocular-related disorder is 
glaucoma. 

29. The method of any of claims 2-22, wherein the ocular-related disorder is a 
retinal degenerative disease. 

30. The method of any of claims 1-29, wherein the adenovirus is a human 
adenovirus. 
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SEQUENCE LISTING 

<U0> SAITAMA MEDICAL SCHOOL 
MORI, KEISUKE 

<120> METHODS FOR DELIVERING A GENE PRODUCT TO THE EYE 
<130> 09763 

<150> US 60/566,138 
<151> 2004-04-28 

<160> 1 

<170> Patentln version 3.3 

<210> 1 , . 

<211>' 33014 

<212> DNA 

<213> Artificial 

<220> 

<223> Synthetic construct 

<400> 1 . 
catcatcaat aatatacctt attttggatt gaagccaata tgataatgag ggggtggagt 

ttgtgacgtg gcgcggggcg tgggaacggg gcgggtgacg tagtagtgtg gcggaagtgt 

gatgttgcaa gtgtggcgga acacatgtaa gcgacggatg tggcaaaagt gacgtttttg 

gtgtgcgccg gtgtacacag gaagtgacaa ttttcgcgcg gttttaggcg gatgttgtag 

taaatttggg cgtaaccgag taagatttgg ccattttcgc gggaaaactg aataagagga 

agtgaaatct gaataatttt gtgttactca tagcgcgtaa tatttgtcta gggcccggga 
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tcggtgatca ccgatccaga catgataaga tacattgatg agtttggaca aaccacaact 420 

agaatgcagt gaaaaaaatg ctttatttgt gaaatttgtg atgctattgc tttatttgta 480 

accattataa gctgcaataa acaagttccc ggatctttct agctagtcta gactagctag 540 

actcgagagc ggccgcaatc gataagctta ggggcccctg gggtccagaa tcttgccaat 600 

gaagagaagg gcccctgtgt ctgtgtccct cagtacgaag atgaaaggct ggttaaggtg 660 

atagtccagc gggaaggtga ggtgggcagg ctgcagccct gggctggggg tggttcccgc 720 

cccatcctcg ttccactcaa agccagcccg gtgttccacc tgagtcagct tgatgggttt 780 

gcctgtgatc ttgctaaagt ctggtgaatc aaacaaggat tgcagcttca tctcctgcag 840 

ggacttggtg acttcgcctt cgtaabt'cag 'cttcagcttg gggacagtga ggaccgcctg '900' 
cacggtcttc agttctcggt ctatgtcatg aatgaactcg gaggtgaggc tctcctctat 960 

caaggtcaaa ttctgggtca ctttcagggg caggaagaag atgatactca tgcttccggt 1020 

caagggcagc tgggcaatct tgcagctgag atctgaatcc aagccatagc gtaaaacagc 1080 

cttagggtcc gacatcatgg ggaccctcac ggtcctctct tcatccaagt agaaatcctc 1140 

gagggaagtc tttctggagt caaactttgt tacccactgc cccttgaagt gcgccacacc 1200 

gagaaggaga atgctgatct catcgggaat ttcctttgtg gacctggcga gcttcccttt 1260 

catctgcgcc tgcacccagt tgttgatctc ttgcaggtcc aagcgagggt tgcccgtcag 1320 

gactctgggc ctggtcccat atgacttttc cagaggtgcc acaaagctgg attttatgcg 1380 

cagcttcttc tcaaagacga tccgggaggc actcttgagg ttcttctggg gggcagtgac 1440 
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cgtgtcaagg agctccttat aggtaccatg gatgtctggg ctgctgatca agtcatagta 1500 

gagagcccgg tgaatgatgg attctgttcg ctgctccgct cccagcgaga gggccgagag 1560 

ggccgtggcc acactgagag gagacaggag cacgttggtc gtggggctca tgctggatcg 1620 

cacccggtac aggtcatagc cgaagttgga gacagccgct gccagcttgt tcacggggac 1680 

tttgaagaaa ggatcctcct cctccaccag cgcccctgtg ctgtcggggt ctggggagcc 1740 

ctcctccggg gggctggcag ggttctggca gctgctgtgc ccgaggaggg ctccaatgca 1800 

gaggagtagc accagggcct gcatggtgga agcttgatat cgaattctgc agtgatcagg 1860 

gatcccagat ccgtatagtg agtcgtatta ggtaccggct gcagttggac ctgggagtgg 1920 

acacctgtgg agagaaaggc aaagtggatg tcatitgtcac tcaa^tgtat ggccagatct 1980 

caagcctgcc acacctcaag tgaagccaag ggggtgggcc tatagactct ataggcggta 2040 

cttacgtcac tcttggcacg gggaatccgc gttccaatgc accgttcccg gccgcggagg 2100 

ctggatcggt cccggtgtct tctatggagg tcaaaacagc gtggatggcg tctccaggcg 2160 

atctgacggt tcactaaacg agctctgctt atatagacct cccaccgtac acgcctaccg 2220 

cccatttgcg tcaatggggc ggagttgtta cgacattttg gaaagtcccg ttgattttgg 2280 

tgccaaaaca aactcccatt gacgtcaatg gggtggagac ttggaaatcc ccgtgagtca 2340 

aaccgctatc cacgcccatt gatgtactgc caaaaccgca tcaccatggt aatagcgatg 2400 

actaatacgt agatgtactg ccaagtagga aagtcccata aggtcatgta ctgggcataa 2460 

tgccaggcgg gccatttacc gtcattgacg tcaatagggg gcgtacttgg catatgatac 2520 
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acttgatgta ctgccaagtg ggcagtttac cgtaaatact ccacccattg acgtcaatgg 2580 
aaagtcccta ttggcgttac tatgggaaca taogtcatta ttgacgtcaa tgggcggggg 2640 
tcgttgggcg gtcagccagg ogggcoattt accgtaagtt atgtaacgcg gaactccata 2700 
tatgggctat gaactaatga ccccgtaatt gattactatt aataactagt actgaaatgt 2760 
gtgggcgtgg cttaagggtg ggaaagaata tataaggtgg gggtcttatg tagttttgta 2820 
totgttttgc agcagccgcc gccgccatga gcaccaactc gtttgatgga agcattgtga 2880 
gctcatattt gacaacgcgc atgcccccat gggcoggggt gcgtcagaat gtgatgggct 2940 
ccagcattga tggtogcccc gtcctgcccg caaactctac taccttgacc tacgagaocg 3000 
tgtctggaW gcc'gttggag actgcagcct ccgccgccgc ttcagc'cgct gcagccaccg 3060 
cccgcgggat tgtgactgac tttgctttcc tgagcccgct tgcaagcagt gcagcttccc 3!20 
gttcatccgc ccgcgatgac aagttgacgg ctcttttggc acaattggat tctttgaccc 3180 
^aacttaa tgtcgtttct cagcagctgt tggatctgcg ccagcaggtt tctgccctga 3240 
aggcttcctc ccctcccaat gcggtttaaa acataaataa aaaaccagac tctgtttgga 3300 
tttggatcaa gcaagtgtct tgctgtcttt atttaggggt tttgcgcgcg cggtaggccc 3360 
gggaccagcg gtctcggtcg ttgagggtcc tgtgtatttt ttccaggacg tggtaaaggt 3420 
gactctggat gttcagatac atgggcataa gcccgtctct ggggtggagg tagcaccact 3480 
gcagagcttc atgctgcggg gtggtgttgt agatgatcca gtcgtagcag gagcgctggg 3540 
cgtggtgcct aaaaatgtct ttcagtagca agctgattgc caggggcagg cccttggtgt 3600 
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aagtgtttac aaagcggtta agctgggatg ggtgcatacg tggggatatg agatgcatct 3660 

tggactgtat ttttaggttg gctatgttcc cagccatatc cctccgggga ttcatgttgt 3720 

gcagaaccac cagcacagtg tatccggtgc acttgggaaa tttgtcatgt agcttagaag 3780 

gaaatgcgtg gaagaacttg gagacgccct tgtgacctcc aagattttcc atgcattcgt 3840 

ccataatgat ggcaatgggc ccacgggcgg cggcctgggc gaagatattt ctgggatcac 3900 

taacgtcata gttgtgttcc aggatgagat cgtcataggc catttttaca aagcgcgggc 3960 

ggagggtgcc agactgcggt ataatggttc catccggccc aggggcgtag ttaccctcac 4020 

agatttgcat ttcccacgct ttgagttcag atggggggat catgtctacc tgcggggcga 4080 

tgaagaaaac ggtttccggg gtdggggaga tcagctggga agaaagcagg ttcctgagca 4140 ' 
gctgcgactt^accgcagccg gtgggcccgt aaatcacacc tattaccggc tgcaactggt 4200 
agttaagaga gctgcagctg ccgtcatccc tgagcagggg ggccacttcg ttaagcatgt 4260 
ccctgactcg catgttttcc ctgaccaaat ccgccagaag gcgctcgccg cccagcgata 4320 
gcagttcttg caaggaagca aagtttttca acggtttgag accgtccgcc gtaggcatgc 4380 
ttttgagcgt ttgaccaagc agttccaggc ggtcccacag ctcggtcacc tgctctacgg 4440 
catctcgatc cagcatatct cctcgtttcg cgggttgggg cggctttcgc tgtacggcag 4500 
tagtcggtgc tcgtccagac gggccagggt catgtctttc cacgggcgca gggtcctcgt 4560 
cagcgtagtc tgggtcacgg tgaaggggtg cgctccgggc tgcgcgctgg ccagggtgcg 4620 
cttgaggctg gtcctgctgg tgctgaagcg ctgccggtct tcgccctgcg cgtcggccag 4680 
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gtagcatttg accatggtgt catagtccag cccctccgcg gcgtggccct tggcgcgcag 4740 

cttgcccttg gaggaggcgc cgcacgaggg gcagtgcaga cttttgaggg cgtagagctt 4800 

gggcgcgaga aataccgatt ccggggagta ggcatccgcg ccgcaggccc cgcagacggt 4860 

ctcgcattcc acgagccagg tgagctctgg ccgttcgggg tcaaaaacca ggtttccccc 4920 

atgctttttg atgcgtttct tacctctggt ttccatgagc cggtgtccac gctcggtgac 4980 

gaaaaggctg tccgtgtccc cgtatacaga cttgagaggc ctgtcctcga gcggtgttcc 5040 

gcggtcctcc tcgtatagaa actcggacca ctctgagaca aaggctcgcg tccaggccag 5100 

cacgaaggag gctaagtggg aggggtagcg gtcgttgtcc actagggggt ccactcgctc 5160 
cagggtgtga agacacatgt cgccctcttc 'ggcatcaagg' aaggtgattg gtttgtaggt 5220 
gtaggccacg tgaccgggtg ttcctgaagg ggggctataa aagggggtgg gggcgcgttc 5280 
gtcctcactc tcttccgcat cgctgtctgc gagggccagc tgttggggtg agtactccct 5340 
ctgaaaagcg ggcatgactt ctgcgctaag attgtcagtt tccaaaaacg aggaggattt 5400 
gatattcacc tggcccgcgg tgatgccttt gagggtggcc gcatccatct ggtcagaaaa 5460 
gacaatcttt ttgttgtcaa gcttggtggc aaacgacccg tagagggcgt tggacagcaa 5520 
cttggcgatg gagcgcaggg tttggttttt gtcgcgatcg gcgcgctcct tggccgcgat 5580 
gtttagctgc acgtattcgc gcgcaacgca ccgccattcg ggaaagacgg tggtgcgctc 5640 
gtcgggcacc aggtgcacgc gccaaccgcg gttgtgcagg gtgacaaggt caacgctggt 5700 
ggctacctct ccgcgtaggc gctcgttggt ccagcagagg cggccgccct tgcgcgagca 5760 
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6000 
6060 



gaatggcggt agggggtcta gctgcgtctc gtccgggggg tctgcgtcca cggtaaagac 5820 

cccgggcagc aggcgcgcgt cgaagtagtc tatcttgcat ccttgcaagt ctagcgcctg 5880 

ctgccatgcg cgggcggcaa gcgcgcgctc gtatgggttg agtgggggac cccatggcat 5940 
ggggtgggtg agcgcggagg cgtacatgcc gcaaatgtcg taaacgtaga ggggctctct 
gagtattcca agatatgtag ggtagcatct tccaccgcgg atgctggcgc gcacgtaatc 

gtatagttcg tgcgagggag cgaggaggtc gggaccgagg ttgctacggg cgggctgctc 6120 

tgctcggaag actatctgcc tgaagatggc atgtgagttg gatgatatgg ttggacgctg 6180 

gaagacgttg aagctggcgt ctgtgagacc taccgcgtca cgcacgaagg aggcgtagga 6240 

gt'cgcgcagc ttgttgacca gctcggcggt gacctgcacg tctaggg'cgc a^tagtccag 6300 

ggtttccttg atgatgtcat acttatcctg tccctttttt ttccacagct cgcggttgag 6360 

gacaaactct tcgcggtctt tccagtactc ttggatcgga aacccgtcgg cctccgaacg 6420 

gtaagagcct agcatgtaga actggttgac ggcctggtag gcgcagcatc ccttttctac 6480 

gggtagcgcg tatgcctgcg cggccttccg gagcgaggtg tgggtgagcg caaaggtgtc 6540 
cctgaccatg actttgaggt actggtattt gaagtcagtg tcgtcgcatc cgccctgctc 
ccagagcaaa aagtccgtgc gctttttgga acgcggattt ggcagggcga aggtgacatc 

gttgaagagt atctttcccg cgcgaggcat aaagttgcgt gtgatgcgga agggtcccgg 6720 

cacctcggaa cggttgttaa ttacctgggc ggcgagcacg atctcgtcaa agccgttgat 6780 

gttgtggccc acaatgtaaa gttccaagaa gcgcgggatg cccttgatgg aaggcaattt 6840 



6600 
6660 
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tttaagttcc tcgtaggtga gctcttcagg ggagctgagc ccgtgctctg aaagggccca 6900 

gtctgcaaga tgagggttgg aagcgacgaa tgagctccac aggtcacggg ccattagcat 6960 

ttgcaggtgg tcgcgaaagg tcctaaactg gcgacctatg gccatttttt ctggggtgat 7020 

gcagtagaag gtaagcgggt cttgttccca gcggtcccat ccaaggttcg cggctaggtc 7080 

tcgcgcggca gtcactagag gctcatctcc gccgaacttc atgaccagca tgaagggcac 7140 

gagctgcttc ccaaaggccc ccatccaagt ataggtctct acatcgtagg tgacaaagag 7200 

acgctcggtg cgaggatgcg agccgatcgg gaagaactgg atctcccgcc accaattgga 7260 

ggagtggcta ttgatgtggt gaaagtagaa gtccctgcga cgggccgaac actcgtgctg 7320 

gcttttgtaa aaacgt'gcgc agtactggca gcggtgcacg ggctgtacat cctgcacgag ! 1 7380 

gttgacctga cgaccgcgca caaggaagca gagtgggaat ttgagcccct cgcctggcgg 7440 

gtttggctgg tggtcttcta cttcggctgc ttgtccttga ccgtctggct gctcgagggg 7500 

agttacggtg gatcggacca ccacgccgcg cgagcccaaa gtccagatgt ccgcgcgcgg 7560 

cggtcggagc ttgatgacaa catcgcgcag atgggagctg tccatggtct ggagctcccg 7620 

cggcgtcagg tcaggcggga gctcctgcag gtttacctcg catagacggg tcagggcgcg 7680 

ggctagatcc aggtgatacc taatttccag gggctggttg gtggcggcgt cgatggcttg 7740 

caagaggccg catccccgcg gcgcgactac ggtaccgcgc ggcgggcggt gggccgcggg 7800 

ggtgtccttg gatgatgcat ctaaaagcgg tgacgcgggc gagcccccgg aggtaggggg 7860 

ggctccggac ccgccgggag agggggcagg ggcacgtcgg cgccgcgcgc gggcaggagc 7920 
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tggtgctgcg cgcgtaggtt gctggcgaac gcgacgacgc ggcggttgat ctcctgaatc 7980 

tggcgcctct gcgtgaagac gacgggcccg gtgagcttga acctgaaaga gagttcgaca 8040 

gaatcaattt cggtgtcgtt gacggcggcc tggcgcaaaa tctcctgcac gtctcctgag 8100 

ttgtcttgat aggcgatctc ggccatgaac tgctcgatct cttcctcctg gagatctccg 8160 

cgtccggctc gctccacggt ggcggcgagg tcgttggaaa tgcgggccat gagctgcgag 8220 

aaggcgttga ggcctccctc gttccagacg cggctgtaga ccacgccccc ttcggcatcg 8280 

cgggcgcgca tgaccacctg cgcgagattg agctccacgt gccgggcgaa gacggcgtag 8340 

tttcgcaggc gctgaaagag gtagttgagg gtggtggcgg tgtgttctgc cacgaagaag 8400 

tacataaccc agcgtcgcaa cgtggattcg ttgatatcc'c ccaaggcctc aaggcgctcc 8460 

atggcctcgt agaagtccac ggcgaagttg aaaaactggg agttgcgcgc cgacacggtt 8520 

aactcctcct ccagaagacg gatgagctcg gcgacagtgt cgcgcacctc gcgctcaaag 8580 
gctacagggg cctcttcttc ttcttcaatc tcctcttcca taagggcctc cccttcttct 8640 
tcttctggcg gcggtggggg aggggggaca cggcggcgac gacggcgcac cgggaggcgg 8700 
tcgacaaagc gctcgatcat ctccccgcgg cgacggcgca tggtctcggt gacggcgcgg 8760 
ccgttctcgc gggggcgcag ttggaagacg ccgcccgtca tgtcccggtt atgggttggc 8820 
ggggggctgc catgcggcag ggatacggcg ctaacgatgc atctcaacaa ttgttgtgta 8880 
ggtactccgc cgccgaggga cctgagcgag tccgcatcga ccggatcgga aaacctctcg 8940 
agaaaggcgt ctaaccagtc acagtcgcaa ggtaggctga gcaccgtggc gggcggcagc 9000 



10/32 

gggcggcggt cggggttgtt tctggcggag gtgctgctga tgatgtaatt aaagtaggcg 9060 

gtcttgagac ggcggatggt cgacagaagc accatgtcct tgggtccggc ctgctgaatg 9120 

cgcaggcggt cggccatgcc ccaggcttcg ttttgacatc ggcgcaggtc tttgtagtag 9180 

tcttgcatga gcctttctac cggcacttct tcttctcctt cctcttgtcc tgcatctctt 9240 

gcatctatcg ctgcggcggc ggcggagttt ggccgtaggt ggcgccctct tcctcccatg 9300 

cgtgtgaccc cgaagcccct catcggctga agcagggcta ggtcggcgac aacgcgctcg 9360 

gctaatatgg cctgctgcac ctgcgtgagg gtagactgga agtcatccat gtccacaaag 9420 

cggtggtatg cgcccgtgtt gatggtgtaa gtgcagttgg ccataacgga ccagttaacg 9480 

' gtc'tggtgac' fccggctgcga gagctcggtg tacctgagac gcgagt'aagc dctcgagtca 9540 

aatacgtagt cgttgcaagt ccgcaccagg tactggtatc ccaccaaaaa gtgcggcggc 9600 

ggctggcggt agaggggcca gcgtagggtg gccggggctc cgggggcgag atcttccaac 9660 

ataaggcgat gatatccgta gatgtacctg gacatccagg tgatgccggc ggcggtggtg 9720 

gaggcgcgcg gaaagtcgcg gacgcggttc cagatgttgc gcagcggcaa aaagtgctcc 9780 

atggtcggga cgctctggcc ggtcaggcgc gcgcaatcgt tgacgctcta gcgtgcaaaa 9840 

ggagagcctg taagcgggca ctcttccgtg gtctggtgga taaattcgca agggtatcat 9900 

ggcggacgac cggggttcga gccccgtatc cggccgtccg ccgtgatcca tgcggttacc 9960 

gcccgcgtgt cgaacccagg tgtgcgacgt cagacaacgg gggagtgctc cttttggctt 10020 

ccttccaggc gcggcggctg ctgcgctagc ttttttggcc actggccgcg cgcagcgtaa 10080 
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gcggttaggc tggaaagcga aagcattaag tggctcgctc cctgtagccg gagggttatt 10140 

ttccaagggt tgagtcgcgg gacccccggt tcgagtctcg gaccggccgg actgcggcga 10200 

acgggggttt gcctccccgt catgcaagac cccgcttgca aattcctccg gaaacaggga 10260 

cgagcccctt ttttgctttt cccagatgca tccggtgctg cggcagatgc gcccccctcc 10320 

tcagcagcgg caagagcaag agcagcggca gacatgcagg gcaccctccc ctcctcctac 10380 

cgcgtcagga ggggcgacat ccgcggttga cgcggcagca gatggtgatt acgaaccccc 10440 

gcggcgccgg gcccggcact acctggactt ggaggagggc gagggcctgg cgcggctagg 10500 

agcgccctct cctgagcggc acccaagggt gcagctgaag cgtgatacgc gtgaggcgta 10560 

cgtgccgcgg cagaacctgt ttc'gbgaccg cgagggagag gagcccgagg agatgcggga 10620 

tcgaaagttc cacgcagggc gcgagctgcg gcatggcctg aatcgcgagc ggttgctgcg 10680 

cgaggaggac tttgagcccg acgcgcgaac cgggattagt cccgcgcgcg cacacgtggc 10740 

ggccgccgac ctggtaaccg catacgagca gacggtgaac caggagatta actttcaaaa 10800 

aagctttaac aaccacgtgc gtacgcttgt ggcgcgcgag gaggtggcta taggactgat 10860 

gcatctgtgg gactttgtaa gcgcgctgga gcaaaaccca aatagcaagc cgctcatggc 10920 

gcagctgttc cttatagtgc agcacagcag ggacaacgag gcattcaggg atgcgctgct 10980 

aaacatagta gagcccgagg gccgctggct gctcgatttg ataaacatcc tgcagagcat 11040 

agtggtgcag gagcgcagct tgagcctggc tgacaaggtg gccgccatca actattccat 11100 

gcttagcctg ggcaagtttt acgcccgcaa gatataccat accccttacg ttcccataga 11160 
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caaggaggta aagatcgagg ggttctacat gcgcatggcg ctgaaggtgc ttaccttgag 11220 
cgacgacctg ggcgtttatc gcaacgagcg catccacaag gccgtgagcg tgagccggcg 11280 
gcgcgagctc agcgaccgcg agctgatgca cagcctgcaa agggccctgg ctggcacggg 11340 
cagcggcgat agagaggccg agtcctactt tgacgcgggc gctgacctgc gctgggcccc 11400 
aagccgacgc gccctggagg cagctggggc cggacctggg ctggcggtgg cacccgcgcg 11460 
cgctggcaac gtcggcggcg tggaggaata tgacgaggac gatgagtacg agccagagga 11520 
cggcgagtac taagcggtga tgtttctgat cagatgatgc aagacgcaac ggacccggcg 11580 
gtgcgggcgg cgctgcagag ccagccgtcc ggccttaact ccacggacga ctggcgccag 11640 
gtcatggacc gcatcatgtc gctgafctgcig cgcaa'tbctg acgcgttccg gcagcagccg 11700' 
caggccaacc ggctctccgc aattctggaa gcggtggtcc cggcgcgcgc aaaccccacg 11760 
cacgagaagg tgctggcgat cgtaaacgcg ctggccgaaa acagggccat ccggcccgac 11820 
gaggccggcc tggtctacga cgcgctgctt cagcgcgtgg ctcgttacaa cagcggcaac 11880 
gtgcagacca acctggaccg gctggtgggg gatgtgcgcg aggccgtggc gcagcgtgag 11940 
cgcgcgcagc agcagggcaa cctgggctcc atggttgcac taaacgcctt cctgagtaca 12000 
cagcccgcca acgtgccgcg gggacaggag gactacacca actttgtgag cgcactgcgg 12060 
ctaatggtga ctgagacacc gcaaagtgag gtgtaccagt ctgggccaga ctattttttc 12120 
cagaccagta gacaaggcct gcagaccgta aacctgagcc aggctttcaa aaacttgcag 12180 
gggctgtggg gggtgcgggc tcccacaggc gaccgcgcga ccgtgtctag cttgctgacg 12240 
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cccaactcgc gcctgttgct gctgctaata gcgcccttca cggacagtgg cagcgtgtcc 12300 

cgggacacat acctaggtca cttgctgaca ctgtaccgcg aggccatagg tcaggcgcat 12360 

gtggacgagc atactttcca ggagattaca agtgtcagcc gcgcgctggg gcaggaggac 12420 

acgggcagcc tggaggcaac cctaaactac ctgctgacca accggcggca gaagatcccc 12480 

tcgttgcaca gtttaaacag cgaggaggag cgcattttgc gctacgtgca gcagagcgtg 12540 

agccttaacc tgatgcgcga cggggtaacg cccagcgtgg cgctggacat gaccgcgcgc 12600 

aacatggaac cgggcatgta tgcctcaaac cggccgttta tcaaccgcct aatggactac 12660 

ttgcatcgcg cggccgccgt gaaccccgag tatttcacca atgccatctt gaacccgcac 12720 

1 tggctalccge cccctggttt ctacaccggg ggattcga£g tgcccgaggg taacgatgga 12780 

ttcctctggg acgacataga cgacagcgtg ttttccccgc aaccgcagac cctgctagag 12840 

ttgcaacagc gcgagcaggc agaggcggcg ctgcgaaagg aaagcttccg caggccaagc 12900 

agcttgtccg atctaggcgc tgcggccccg cggtcagatg ctagtagccc atttccaagc 12960 

ttgatagggt ctcttaccag cactcgcacc acccgcccgc gcctgctggg cgaggaggag 13020 

tacctaaaca actcgctgct gcagccgcag cgcgaaaaaa acctgcctcc ggcatttccc 13080 

aacaacggga tagagagcct agtggacaag atgagtagat ggaagacgta cgcgcaggag 13140 

cacagggacg tgccaggccc gcgcccgccc acccgtcgtc aaaggcacga ccgtcagcgg 13200 

ggtctggtgt gggaggacga tgactcggca gacgacagca gcgtcctgga tttgggaggg 13260 

agtggcaacc cgtttgcgca ccttcgcccc aggctgggga gaatgtttta aaaaaaaaaa 13320 
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aagcatgatg caaaataaaa aactcaccaa ggccatggca ccgagcgttg gttttcttgt 13380 
attcccctta gtatgcggcg cgcggcgatg tatgaggaag gtcctcctcc ctcctacgag 13440 
agtgtggtga gcgcggcgcc agtggcggcg gcgctgggtt ctcccttcga tgctcccctg 13500 
gacccgccgt ttgtgcctcc gcggtacctg cggcctaccg gggggagaaa cagcatccgt 13560 
tactctgagt tggcacccct attcgacacc acccgtgtgt acctggtgga caacaagtca 13620 
acggatgtgg catccctgaa ctaccagaac gaccacagca actttctgac cacggtcatt 13680 
caaaacaatg actacagccc gggggaggca agcacacaga ccatcaatct tgacgaccgg 13740 
tcgcactggg gcggcgacct gaaaaccatc ctgcatacca acatgccaaa tgtgaacgag 13800 
ttcatgttta ccaataagtt taaggcgcgg gtgatggtgt cgcgcttgcc tactaaggac ' 13860 
aatcaggtgg agctgaaata cgagtgggtg gagttcacgc tgcccgaggg caactactcc 13920 
gagaccatga ccatagacct tatgaacaac gcgatcgtgg agcactactt gaaagtgggc 13980 
agacagaacg gggttctgga aagcgacatc ggggtaaagt ttgacacccg caacttcaga 14040 
ctggggtttg accccgtcac tggtcttgtc atgcctgggg tatatacaaa cgaagccttc 14100 
catccagaca tcattttgct gccaggatgc ggggtggact tcacccacag ccgcctgagc 14160 
aacttgttgg gcatccgcaa gcggcaaccc ttccaggagg gctttaggat cacctacgat 14220 
gatctggagg gtggtaacat tcccgcactg ttggatgtgg acgcctacca ggcgagcttg 14280 
aaagatgaca ccgaacaggg cgggggtggc gcaggcggca gcaacagcag tggcagcggc 14340 
gcggaagaga actccaacgc ggcagccgcg gcaatgcagc cggtggagga catgaacgat 14400 
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catgccattc gcggcgacac ctttgccaca cgggctgagg agaagcgcgc tgaggccgaa 14460 
gcagcggccg aagctgccgc ccccgctgcg caacccgagg tcgagaagcc tcagaagaaa 14520 
ccggtgatca aacccctgac agaggacagc aagaaacgca gttacaacct aataagcaat 14580 
gacagcacct tcacccagta ccgcagctgg taccttgcat acaactacgg cgaccctcag 14640 
accggaatcc gctcatggac cctgctttgc actcctgacg taacctgcgg ctcggagcag 14700 
gtctactggt cgttgccaga catgatgcaa gaccccgtga ccttccgctc cacgcgccag 14760 
atcagcaact ttccggtggt gggegccgag ctgttgcccg tgcactccaa gagcttctac 14820 
aacgaccagg ccgtctactc ccaactcatc cgccagttta cctctctgac ccacgtgttc 14880 
aatcgctttc ccgagaacca gattttggcg' dgcccgccag cccccaccat caccaccgtc 14940 ' 
agtgaaaacg ttcctgctct cacagatcac gggacgctac cgctgcgcaa cagcatcgga 15000 
ggagtccagc gagtgaccat tactgacgcc agacgccgca cctgccccta cgtttacaag 15060 
gccctgggca tagtctcgcc gcgcgtccta tcgagccgca ctttttgagc aagcatgtcc 15120 
atccttatat cgcccagcaa taacacaggc tggggcctgc gcttcccaag caagatgttt 15180 
ggcggggcca agaagcgctc cgaccaacac ccagtgcgcg tgcgcgggca ctaccgcgcg 15240 
ccctggggcg cgcacaaacg cggccgcact gggcgcacca ccgtcgatga cgccatcgac 15300 
gcggtggtgg aggaggcgcg caactacacg cccacgccgc caccagtgtc cacagtggac 15360 
gcggccattc agaccgtggt gcgcggagcc cggcgctatg ctaaaatgaa gagacggcgg 15420 
aggcgcgtag cacgtcgcca ccgccgccga cccggcactg ccgcccaacg cgcggcggcg 15480 
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gccctgctta accgcgcacg tcgcaccggc cgacgggcgg ccatgcgggc cgctcgaagg 15540 

ctggccgcgg gtattgtcac tgtgcccccc aggtccaggc gacgagcggc cgccgcagca 15600 

gccgcggcca ttagtgctat gactcagggt cgcaggggca acgtgtattg ggtgcgcgac 15660 

tcggttagcg gcctgcgcgt gcccgtgcgc acccgccccc cgcgcaacta gattgcaaga 15720 

aaaaactact tagactcgta ctgttgtatg tatccagcgg cggcggcgcg caacgaagct 15780 

atgtccaagc gcaaaatcaa agaagagatg ctccaggtca tcgcgccgga gatctatggc 15840 

cccccgaaga aggaagagca ggattacaag ccccgaaagc taaagcgggt caaaaagaaa 15900 

aagaaagatg atgatgatga acttgacgac gaggtggaac tgctgcacgc taccgcgccc 15960 

'aggcgacggg tacagtggaa aggtcgacgc gta'aaacgtg ttttgcgacc cggcaccacc 16020 

gtagtcttta cgcccggtga gcgctccacc cgcacctaca agcgcgtgta tgatgaggtg 16080 

tacggcgacg aggacctgct tgagcaggcc aacgagcgcc tcggggagtt tgcctacgga 16140 

aagcggcata aggacatgct ggcgttgccg ctggacgagg gcaacccaac acctagccta 16200 

aagcccgtaa cactgcagca ggtgctgccc gcgcttgcac cgtccgaaga aaagcgcggc 16260 

ctaaagcgcg agtctggtga cttggcaccc accgtgcagc tgatggtacc caagcgccag 16320 

cgactggaag atgtcttgga aaaaatgacc gtggaacctg ggctggagcc cgaggtccgc 16380 

gtgcggccaa tcaagcaggt ggcgccggga ctgggcgtgc agaccgtgga cgttcagata 16440 

cccactacca gtagcaccag tattgccacc gccacagagg gcatggagac acaaacgtcc 16500 

ccggttgcct cagcggtggc ggatgccgcg gtgcaggcgg tcgctgcggc cgcgtccaag 16560 
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acctctacgg aggtgcaaac ggacccgtgg atgtttcgcg tttcagcccc ccggcgcccg 16620 
cgccgttcga ggaagtacgg cgccgccagc gcgctactgc ccgaatatgc cctacatcct 16680 
tccattgcgc ctacccccgg ctatcgtggc tacacctacc gccccagaag acgagcaact 16740 
acccgacgcc gaaccaccac tggaacccgc cgccgccgtc gccgtcgcca gcccgtgctg 16800 
gccccgattt ccgtgcgcag ggtggctcgc gaaggaggca ggaccctggt gctgccaaca 16860 
gcgcgctacc accccagcat cgtttaaaag ccggtctttg tggttcttgc agatatggcc 16920 
ctcacctgcc gcctccgttt cccggtgccg ggattccgag gaagaatgca ccgtaggagg 16980 
ggcatggccg gccacggcct gacgggcggc atgcgtcgtg cgcaccaccg gcggcggcgc 17040 
gcgtcgcacc gtcgcatgcg cggcggtatc ctgcccctcc ttatt'ccact' gatcgc'cgcg 17100 
gcgattggcg ccgtgcccgg aattgcatcc gtggccttgc aggcgcagag acactgatta 17160 
aaaacaagtt gcatgtggaa aaatcaaaat aaaaagtctg gactctcacg ctcgcttggt 17220 
cctgtaacta ttttgtagaa tggaagacat caactttgcg tctctggccc cgcgacacgg 17280 
ctcgcgcccg ttcatgggaa actggcaaga tatcggcacc agcaatatga gcggtggcgc 17340 
cttcagctgg ggctcgctgt ggagcggcat taaaaatttc ggttccaccg ttaagaacta 17400 
tggcagcaag gcctggaaca gcagcacagg ccagatgctg agggataagt tgaaagagca 17460 
aaatttccaa caaaaggtgg tagatggcct ggcctctggc attagcgggg tggtggacct 17520 
ggccaaccag gcagtgcaaa ataagattaa cagtaagctt gatccccgcc ctcccgtaga 17580 
ggagcctcca ccggccgtgg agacagtgtc tccagagggg cgtggcgaaa agcgtccgcg 17640 
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ccccgacagg gaagaaactc tggtgacgca aatagacgag cctccctcgt acgaggaggc 17700 

actaaagcaa ggcctgccca ccacccgtcc catcgcgccc atggctaccg gagtgctggg 17760 

ccagcacaca cccgtaacgc tggacctgcc tccccccgcc gacacccagc agaaacctgt 17820 

gctgccaggc ccgaccgccg ttgttgtaac ccgtcctagc cgcgcgtccc tgcgccgcgc 17880 

cgccagcggt ccgcgatcgt tgcggcccgt agccagtggc aactggcaaa gcacactgaa 17940 

cagcatcgtg ggtctggggg tgcaatccct gaagcgccga cgatgcttct gatagctaac 18000 

gtgtcgtatg tgtgtcatgt atgcgtccat gtcgccgcca gaggagctgc tgagccgccg 18060 

cgcgcccgct ttccaagatg gctacccctt cgatgatgcc gcagtggtct tacatgcaca 18120 

tctcgggcca ggacgcctcg gagtac'ctga gccccgggct ggtgcagttt gcccgcgcc'a 18180 ' 

ccgagacgta cttcagcctg aataacaagt ttagaaaccc cacggtggcg cctacgcacg 18240 

acgtgaccac agaccggtcc cagcgtttga cgctgcggtt catccctgtg gaccgtgagg 18300 

atactgcgta ctcgtacaag gcgcggttca ccctagctgt gggtgataac cgtgtgctgg 18360 

. acatggcttc cacgtacttt gacatccgcg gcgtgctgga caggggccct acttttaagc 18420 

cctactctgg cactgcctac aacgccctgg ctcccaaggg tgccccaaat ccttgcgaat 18480 

gggatgaagc tgctactgct cttgaaataa acctagaaga agaggacgat gacaacgaag 18540 

acgaagtaga cgagcaagct gagcagcaaa aaactcacgt atttgggcag gcgccttatt 18600 

ctggtataaa tattacaaag gagggtattc aaataggtgt cgaaggtcaa acacctaaat 18660 

atgccgataa aacatttcaa cctgaacctc aaataggaga atctcagtgg tacgaaacag 18720 
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aaattaatca tgcagctggg agagtcctaa aaaagactac cccaatgaaa ccatgttacg 18780 

gttcatatgc aaaacccaca aatgaaaatg gagggcaagg cattcttgta aagcaacaaa 18840 

atggaaagct agaaagtcaa gtggaaatgc aatttttctc aactactgag gcagccgcag 18900 

gcaatggtga taacttgact cctaaagtgg tattgtacag tgaagatgta gatatagaaa 18960 

ccccagacac tcatatttct tacatgccca ctattaagga aggtaactca cgagaactaa 19020 

tgggccaaca atctatgccc aacaggccta attacattgc ttttagggac aattttattg 19080 

gtctaatgta ttacaacagc acgggtaata tgggtgttct ggcgggccaa gcatcgcagt 19140 

tgaatgctgt tgtagatttg caagacagaa acacagagct ttcataccag cttttgcttg 19200 

attccattgg tgatagaacc aggtactttt ctatgtggaa tcaggctgtt gacagctatg 19260 

atccagatgt tagaattatt gaaaatcatg gaactgaaga tgaacttcca aattactgct 19320 

ttccactggg aggtgtgatt aatacagaga ctcttaccaa ggtaaaacct aaaacaggtc 19380 

aggaaaatgg atgggaaaaa gatgctacag aattttcaga taaaaatgaa ataagagttg 19440 

gaaataattt tgccatggaa atcaatctaa atgccaacct gtggagaaat ttcctgtact 19500 

ccaacatagc gctgtatttg cccgacaagc taaagtacag tccttccaac gtaaaaattt 19560 

ctgataaccc aaacacctac gactacatga acaagcgagt ggtggctccc gggctagtgg 19620 

actgctacat taaccttgga gcacgctggt cccttgacta tatggacaac gtcaacccat 19680 
ttaaccacca ccgcaatgct ggcctgcgct accgctcaat gttgctgggc aatggtcgct 19740 
atgtgccctt ccacatceag gtgcctcaga agttctttgc cattaaaaac ctccttctcc 19800 
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tgccgggctc atacacctac gagtggaact tcaggaagga tgttaacatg gttctgcaga 19860 

gctccctagg aaatgaccta agggttgacg gagccagcat taagtttgat agcatttgcc 19920 

tttacgccac cttcttcccc atggcccaca acaccgcctc cacgcttgag gccatgctta 19980 

gaaacgacac caacgaccag tcctttaacg actatctctc cgccgccaac atgctctacc 20040 

ctatacccgc caacgctacc aacgtgccca tatccatccc ctcccgcaac tgggcggctt 20100 

tccgcggctg ggccttcacg cgccttaaga ctaaggaaac cccatcactg ggctcgggct 20160 

acgaccctta ttacacctac tctggctcta taccctacct agatggaacc ttttacctca 20220 

accacacctt taagaaggtg gccattacct ttgactcttc tgtcagctgg cctggcaatg 20280 

a'ccgdctgct' t'a'cccccaac gagtttgaaa ttaagcgctc agttga'cggg gagggttaca 20340 

acgttgccca gtgtaacatg accaaagact ggttcctggt acaaatgcta gctaactata 20400 

acattggcta ccagggcttc tatatcccag agagctacaa ggaccgcatg tactccttct 20460 

ttagaaactt ccagcccatg agccgtcagg tggtggatga tactaaatac aaggactacc 20520 

aacaggtggg catcctacac caacacaaca actctggatt tgttggctac cttgccccca 20580 

ccatgcgcga aggacaggcc taccctgcta acttccccta tccgcttata ggcaagaccg 20640 

cagttgacag cattacccag aaaaagtttc tttgcgatcg caccctttgg cgcatcccat 20700 

tctccagtaa ctttatgtcc atgggcgcac tcacagacct gggccaaaac cttctctacg 20760 

ccaactccgc ccacgcgcta gacatgactt ttgaggtgga tcccatggac gagcccaccc 20820 

ttctttatgt tttgtttgaa gtctttgacg tggtccgtgt gcaccagccg caccgcggcg 20880 
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tcatcgaaac cgtgtacctg cgcacgccct tctcggccgg caacgccaca acataaagaa 20940 
gcaagcaaca tcaacaacag ctgccgccat gggctccagt gagcaggaac tgaaagccat 21000 
tgtcaaagat cttggttgtg ggccatattt tttgggcacc tatgacaagc gctttccagg 21060 
ctttgtttct ccacacaagc tcgcctgcgc catagtcaat acggccggtc gcgagactgg 21120 
gggcgtacac tggatggcct ttgcctggaa cccgcactca aaaacatgct acctctttga 21180 
gccctttggc ttttctgacc agcgactcaa gcaggtttac cagtttgagt acgagtcact 21240 
cctgcgccgt agcgccattg cttcttcccc cgaccgctgt ataacgctgg aaaagtccac 21300 
ccaaagcgta caggggccca actcggccgc ctgtggacta ttctgctgca tgtttctcca 21360 
cgcctttgcc aactg'gcccc' aaactc'ccat ggatcacaac cccaccatga accttattac 21420 
cggggtaccc aactccatgc tcaacagtcc ccaggtacag cccaccctgc gtcgcaacca 21480 
ggaacagctc tacagcttcc tggagcgcca ctcgccctac ttccgcagcc acagtgcgca 21540 
gattaggagc gccacttctt tttgtcactt gaaaaacatg taaaaataat gtactagaga 21600 
cactttcaat aaaggcaaat gcttttattt gtacactctc gggtgattat ttacccccac 21660 
ccttgccgtc tgcgccgttt aaaaatcaaa ggggttctgc cgcgcatcgc tatgcgccac 21720 
tggcagggac acgttgcgat actggtgttt agtgctccac ttaaactcag gcacaaccat 21780 
ccgcggcagc tcggtgaagt tttcactcca caggctgcgc accatcacca acgcgtttag 21840 
caggtcgggc gccgatatct tgaagtcgca gttggggcct ccgccctgcg cgcgcgagtt 21900 
gcgatacaca gggttgcagc actggaacac tatcagcgcc gggtggtgca cgctggccag 21960 
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cacgctcttg tcggagatca gatccgcgtc caggtcctcc gcgttgctca gggcgaacgg 22020 
agtcaacttt ggtagctgcc ttcccaaaaa gggcgcgtgc ccaggctttg agttgcactc 22080 
gcaccgtagt ggcatcaaaa ggtgaccgtg cccggtctgg gcgttaggat acagcgcctg 22140 
cataaaagcc ttgatctgct taaaagccac ctgagccttt gcgccttcag agaagaacat 22200 
gccgcaagac ttgccggaaa actgattggc cggacaggcc gcgtcgtgca cgcagcacct 22260 
tgcgtcggtg ttggagatct gcaccacatt tcggccccac cggttcttca cgatcttggc 22320 
cttgctagac tgctccttca gcgcgcgctg cccgttttcg ctcgtcacat ccatttcaat 22380 
cacgtgctcc ttatttatca taatgcttcc gtgtagacac ttaagctcgc cttcgatctc 22440 
agcgcagcgg tgcagccaca acgcgcagcc'cgtgggdtcg tgatgcttgt aggtcacctc 22500 
tgcaaacgac tgcaggtacg cctgcaggaa tcgccccatc atcgtcacaa aggtcttgtt 22560 
gctggtgaag gtcagctgca acccgcggtg ctcctcgttc agccaggtct tgcatacggc 22620 
cgccagagct tccacttggt caggcagtag tttgaagttc gcctttagat cgttatccac 22680 
gtggtacttg tccatcagcg cgcgcgcagc ctccatgccc ttctcccacg cagacacgat 22740 
cggcacactc agcgggttca tcaccgtaat ttcactttcc gcttcgctgg gctcttcctc 22800 
ttcctcttgc gtccgcatac cacgcgccac tgggtcgtct tcattcagcc gccgcactgt 22860 
gcgcttacct cctttgccat gcttgattag caccggtggg ttgctgaaac ccaccatttg 22920 
tagcgccaca tcttctcttt cttcctcgct gtccacgatt acctctggtg atggcgggcg 22980 
ctcgggcttg ggagaagggc gcttcttttt cttcttgggc gcaatggcca aatccgccgc 23040 
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cgaggtcgat ggccgcgggc tgggtgtgcg cggcaccagc gcgtcttgtg atgagtcttc 23100 

ctcgtcctcg gactcgatac gccgcctcat ccgctttttt gggggcgccc ggggaggcgg 23160 

cggcgacggg gacggggacg acacgtcctc catggttggg ggacgtcgcg ccgcaccgcg 23220 

tccgcgctcg ggggtggttt cgcgctgctc ctcttcccga ctggccattt ccttctccta 23280 

taggcagaaa aagatcatgg agtcagtcga gaagaaggac agcctaaccg ccccctctga 23340 

gttcgccacc accgcctcca ccgatgccgc caacgcgcct accaccttcc ccgtcgaggc 23400 

acccccgctt gaggaggagg aagtgattat cgagcaggac ccaggttttg taagcgaaga 23460 

cgacgaggac cgctcagtac caacagagga taaaaagcaa gaccaggaca acgcagaggc 23520 

aa'acigagga'a' caagtcgggc ggggggacga aaggcatggc gactaectag'atgtgggaga 23580 

cgacgtgctg ttgaagcatc tgcagcgcca gtgcgccatt atctgcgacg cgttgcaaga 23640 

gcgcagcgat gtgcccctcg ccatagcgga tgtcagcctt gcctacgaac gccacctatt 23700 

ctcaccgcgc gtacccccca aacgccaaga aaacggcaca tgcgagccca acccgcgcct 23760 

caacttctac cccgtatttg ccgtgccaga ggtgcttgcc acctatcaca tctttttcca 23820 

aaactgcaag atacccctat cctgccgtgc caaccgcagc cgagcggaca agcagctggc 23880 

cttgcggcag ggcgctgtca tacctgatat cgcctcgctc aacgaagtgc caaaaatctt 23940 

tgagggtctt ggacgcgacg agaagcgcgc ggcaaacgct ctgcaacagg aaaacagcga 24000 

aaatgaaagt cactctggag tgttggtgga actcgagggt gacaacgcgc gcctagccgt 24060 

actaaaacgc agcatcgagg tcacccactt tgcctacccg gcacttaacc taccccccaa 24120 
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ggtcatgagc acagtcatga gtgagctgat cgtgcgccgt gcgcagcccc tggagaggga 24180 
tgcaaatttg caagaacaaa cagaggaggg cctacccgca gttggcgacg agcagctagc 24240 
gcgctggctt caaacgcgcg agcctgccga cttggaggag cgacgcaaac taatgatggc 24300 
cgcagtgctc gttaccgtgg agcttgagtg catgcagcgg ttctttgctg acccggagat 24360 
gcagcgcaag ctagaggaaa cattgcacta cacctttcga cagggctacg tacgccaggc 24420 
ctgcaagatc tccaacgtgg agctctgcaa cctggtctcc taccttggaa ttttgcacga 24480 
aaaccgcctt gggcaaaacg tgcttcattc cacgctcaag ggcgaggcgc gccgcgacta 24540 
cgtccgcgac tgcgtttact tatttctatg ctacacctgg cagacggcca tgggcgtttg 24600 
gcagcagtgc ttggaggagt gcaacctcaa ggagctgcag aaactgctaa ag'caaaaCtt ' 24660 
gaaggaccta tggacggcct tcaacgagcg ctccgtggcc gcgcacctgg cggacatcat 24720 
tttccccgaa cgcctgctta aaaccctgca acagggtctg ccagacttca ccagtcaaag 24780 
catgttgcag aactttagga actttatcct agagcgctca ggaatcttgc ccgccacctg 24840 
ctgtgcactt cctagcgact ttgtgcccat taagtaccgc gaatgccctc cgccgctttg 24900 
gggccactgc taccttctgc agctagccaa ctaccttgcc taccactctg acataatgga 24960 
agacgtgagc ggtgacggtc tactggagtg tcactgtcgc tgcaacctat gcaccccgca 25020 
ccgctccctg gtttgcaatt cgcagctgct taacgaaagt caaattatcg gtacctttga 25080 
gctgcagggt ccctcgcctg acgaaaagtc cgcggctccg gggttgaaac tcactccggg 25140 
gctgtggacg tcggcttacc ttcgcaaatt tgtacctgag gactaccacg cccacgagat 25200 
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taggttctac gaagaccaat cccgcccgcc taatgcggag cttaccgcct gcgtcattac 25260 
ccagggccac attcttggcc aattgcaagc catcaacaaa gcccgccaag agtttctgct 25320 
acgaaaggga cggggggttt acttggaccc ccagtccggc gaggagctca acccaatccc 25380 
cccgccgccg cagccctatc agcagcagcc gcgggccctt gcttcccagg atggcaccca 25440 
aaaagaagct gcagctgccg ccgccaccca cggacgagga ggaatactgg gacagtcagg 25500 
cagaggaggt tttggacgag gaggaggagg acatgatgga agactgggag agcctagacg 25560 
aggaagcttc cgaggtcgaa gaggtgtcag acgaaacacc gtcaccctcg gtcgcattcc 25620 
cctcgccggc gccccagaaa tcggcaaccg gttccagcat ggctacaacc tccgctcctc 25680 
aggcgccgcc ggcactgccc gttcgccgac ccaatfcgtag atgggacacc actggaacca 25740 
gggccggtaa gtccaagcag ccgccgccgt tagcccaaga gcaacaacag cgccaaggct 25800 
accgctcatg gcgcgggcac aagaacgcca tagttgcttg cttgcaagac tgtgggggca 25860 
acatctcctt cgcccgccgc tttcttctct accatcacgg cgtggccttc ccccgtaaca 25920 
tcctgcatta ctaccgtcat ctctacagcc catactgcac cggcggcagc ggcagcaaca 25980 
gcagcggcca cacagaagca aaggcgaccg gatagcaaga ctctgacaaa gcccaagaaa 26040 
tccacagcgg cggcagcagc aggaggagga gcgctgcgtc tggcgcccaa cgaacccgta 26100 
tcgacccgcg agcttagaaa caggattttt cccactctgt atgctatatt tcaacagagc 26160 
aggggccaag aacaagagct gaaaataaaa aacaggtctc tgcgatccct cacccgcagc 26220 
tgcctgtatc acaaaagcga agatcagctt cggcgcacgc tggaagacgc ggaggctctc 26280 
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ttcagtaaat actgcgcgct gactcttaag gactagtttc gcgccctttc tcaaatttaa 26340 
gcgcgaaaac tacgtcatct ccagcggcca cacccggcgc cagcacctgt tgtcagcgcc 26400 
attatgagca aggaaattcc cacgccctac atgtggagtt accagccaca aatgggactt 26460 
gcggctggag ctgcccaaga ctactcaacc cgaataaact acatgagcgc gggaccccac 26520 
atgatatccc gggtcaacgg aatacgcgcc caccgaaacc gaattctcct ggaacaggcg 26580 
gctattacca ccacacctcg taataacctt aatccccgta gttggcccgc tgccctggtg 26640 
taccaggaaa gtcccgctcc caccactgtg gtacttccca gagacgccca ggccgaagtt 26700 
cagatgacta actcaggggc gcagcttgcg ggcggctttc gtcacagggt gcggtcgccc 26760 
gggedgggta taactcacct gacaatcaga gggcgaggta ttcagctdaa cgacgagtcg 26820 
gtgagctcct cgcttggtct ccgtccggac gggacatttc agatcggcgg cgccggccgc 26880 
tcttcattca cgcctcgtca ggcaatccta actctgcaga cctcgtcctc tgagccgcgc 26940 
tctggaggca ttggaactct gcaatttatt gaggagtttg tgccatcggt ctactttaac 27000 
cccttctcgg gacctcccgg ccactatccg gatcaattta ttcctaactt tgacgcggta 27060 
aaggactcgg cggacggcta cgactgaatg ttaagtggag aggcagagca actgcgcctg 27120 
aaacacctgg tccactgtcg ccgccacaag tgctttgccc gcgactccgg tgagttttgc 27180 
tactttgaat tgcccgagga tcatatcgag ggcccggcgc acggcgtccg gcttaccgcc 27240 
cagggagagc ttgcccgtag cctgattcgg gagtttaccc agcgcccect gctagttgag 27300 
cgggacaggg gaccctgtgt tctcactgtg atttgcaact gtcctaaccc tggattacat 27360 
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caagatcttt gttgccatct ctgtgctgag tataataaat acagaaatta aaatatactg 27420 

gggctcctat cgccatcctg taaacgccac cgtcttcacc cgcccaagca aaccaaggcg 27480 

aaccttacct ggtactttta acatctctcc ctctgtgatt tacaacagtt tcaacccaga 27540 

cggagtgagt ctacgagaga acctctccga gctcagctac tccatcagaa aaaacaccac 27600 

cctccttacc tgccgggaac gtacgagtgc gtcaccggcc gctgcaccac acctaccgcc 27660 

tgaccgtaaa ccagactttt tccggacaga cctcaataac tctgtttacc agaacaggag 27720 

gtgagcttag aaaaccctta gggtattagg ccaaaggcgc agctactgtg gggtttatga 27780 

acaattcaag caactctacg ggctattcta attcaggttt ctctagaaat ggacggaatt 27840 

attacagagc agcgc6tgct agaaagacgc agggcagcgg ccgagcaaca gbgcatgaat 27900 

caagagctcc aagacatggt taacttgcac cagtgcaaaa ggggtatctt ttgtctggta 27960 

aagcaggcca aagtcaccta cgacagtaat accaccggac accgccttag ctacaagttg 28020 

ccaaccaagc gtcagaaatt ggtggtcatg gtgggagaaa agcccattac cataactcag 28080 

cactcggtag aaaccgaagg ctgcattcac tcaccttgtc aaggacctga ggatctctgc 28140 

acccttatta agaccctgtg cggtctcaaa gatcttattc cctttaacta ataaaaaaaa 28200 

ataataaagc atcacttact taaaatcagt tagcaaattt ctgtccagtt tattcagcag 28260 

cacctccttg ccctcctccc agctctggta ttgcagcttc ctcctggctg caaactttct 28320 
ccacaatcta aatggaatgt cagtttcctc ctgttcctgt ccatccgcac ccactatctt 28380 

catgttgttg cagatgaagc gcgcaagacc gtctgaagat accttcaacc ccgtgtatcc 28440 
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atatgacacg gaaaccggtc ctccaactgt gccttttctt actcctccct ttgtatcccc 28500 

caatgggttt caagagagtc cccctggggt actctctttg cgcctatccg aacctctagt 28560 

tacctccaat ggcatgcttg cgctcaaaat gggcaacggc ctctctctgg acgaggccgg 28620 

caaccttacc tcccaaaatg taaccactgt gagcccacct ctcaaaaaaa ccaagtcaaa 28680 

cataaacctg gaaatatctg cacccctcac agttacctca gaagccctaa ctgtggctgc 28740 

cgccgcacct ctaatggtcg cgggcaacac actcaccatg caatcacagg ccccgctaac 28800 

cgtgcacgac tccaaactta gcattgccac ccaaggaccc ctcacagtgt cagaaggaaa 28860 

gctagccctg caaacatcag gccccctcac caccaccgat agcagtaccc ttactatcac 28920 

tgcctcaccc cctctaacta 'ctgccactgg tagcttgggc attgacttga aagagcccat 28980' 

ttatacacaa aatggaaaac taggactaaa gtacggggct cctttgcatg taacagacga 29040 

cctaaacact ttgaccgtag caactggtcc aggtgtgact attaataata cttccttgca 29100 

aactaaagtt actggagcct tgggttttga ttcacaaggc aatatgcaac ttaatgtagc 29160 

aggaggacta aggattgatt ctcaaaacag acgccttata cttgatgtta gttatccgtt 29220 

tgatgctcaa aaccaactaa atctaagact aggacagggc cctcttttta taaactcagc 29280 

ccacaacttg gatattaact acaacaaagg cctttacttg tttacagctt caaacaattc 29340 

caaaaagctt gaggttaacc taagcactgc caaggggttg atgtttgacg ctacagccat 29400 

agccattaat gcaggagatg ggcttgaatt tggttcacct aatgcaccaa acacaaatcc 29460 

cctcaaaaca aaaattggcc atggcctaga atttgattca aacaaggcta tggttcctaa 29520 
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actaggaact ggccttagtt ttgacagcac aggtgccatt acagtaggaa acaaaaataa 29580 
tgataagcta actttgtgga ccacaccagc tccatctcct aactgtagac taaatgcaga 29640 
gaaagatgct aaactcactt tggtcttaac aaaatgtggc agtcaaatac ttgctacagt 29700 
ttcagttttg gctgttaaag gcagtttggc tccaatatct ggaacagttc aaagtgctca 29760 
tcttattata agatttgacg aaaatggagt gctactaaac aattccttcc tggacccaga 29820 
atattggaac tttagaaatg gagatcttac tgaaggcaca gcctatacaa acgctgttgg 29880 
atttatgcct aacctatcag cttatccaaa atctcacggt aaaactgcca aaagtaacat 29940 
tgtcagtcaa gtttacttaa acggagacaa aactaaacct gtaacactaa ccattacact 30000 
aaacggtaca caggaaacag gagacacaac tcbaagtgca tactctatgt cattttcatg 30060 
ggactggtct ggccacaact acattaatga aatatttgcc acatcctctt acactttttc 30120 
atacattgcc caagaataaa gaatcgtttg tgttatgttt caacgtgttt atttttcaat 30180 
tgcccgggat cggtgatcac cgatccagac atgataagat acattgatga gtttggacaa 30240 
accacaacta gaatgcagtg aaaaaaatgc tttatttgtg aaatttgtga tgctattgct 30300 
ttatttgtaa ccattataag ctgcaataaa caagttcccg gatcgcgatc cggcccgagg 30360 
ctgtagccga cgatggtgcg ccaggagagt tgttgattca ttgtttgcct ccctgctgcg 30420 
gtttttcacc gaagttcatg ccagtccagc gtttttgcag cagaaaagcc gccgacttcg 30480 
gtttgcggtc gcgagtgaag atccctttct tgttaccgcc aacgcgcaat atgccttgcg 30540 
aggtcgcaaa atcggcgaaa ttccatacct gttcaccgac gacggcgctg acgcgatcaa 30600 
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agacgcggtg atacatatcc agccatgcac actgatactc ttcactccac atgtcggtgt 30660 
acattgagtg cagcccggct aacgtatcca cgccgtattc ggtgatgata atcggctgat 30720 
gcagtttctc ctgccaggcc agaagttctt tttccagtac cttctctgcc gtttccaaat 30780 
cgccgctttg gacataccat ccgtaataac ggttcaggca cagcacatca aagagatcgc 30840 
tgatggtatc ggtgtgagcg tcgcagaaca ttacattgac gcaggtgatc ggacgcgtcg 30900 
ggtcgagttt acgcgttgct tccgccagtg gcgcgaaata ttcccgtgca ccttgcggac 30960 
gggtatccgg ttcgttggca atactccaca tcaccacgct tgggtggttt ttgtcacgcg 31020 
ctatcagctc tttaatcgcc tgtaagtgcg cttgctgagt ttccccgttg actgcctctt 31080 
cgctgtacag ttdtttcggc ttgttgcccg cttcgaaacc aatgcctaaa gagaggttaa 31140 
agccgacagc agcagtttca tcaatcacca cgatgccatg ttcatctgcc cagtcgagca 31200 
tctcttcagc gtaagggtaa tgcgaggtac ggtaggagtt ggccccaatc cagtccatta 31260 
atgcgtggtc gtgcaccatc agcacgttat cgaatccttt gccacgcaag tccgcatctt 31320 
catgacgacc aaagccagta aagtagaacg gtttgtggtt aatcaggaac tgttcgccct 31380 
tcactgccac tgaccggatg ccgacgcgaa gcgggtagat atcacactct gtctggcttt 31440 
tggctgtgac gcacagttca tagagataac cttcacccgg ttgccagagg tgcggattca 31500 
ccacttgcaa agtcccgcta gtgccttgtc cagttgcaac cacctgttga tccgcatcac 31560 
gcagttcaac gctgacatca ccattggcca ccacctgcca gtcaacagac gcgtggttac 31620 
agtcttgcgc gacatgcgtc accacggtga tatcgtccac ccaggtgttc ggcgtggtgt 31680 
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